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CRAZY PEOPLE LIKE US 
By H. E. Ross 


It must have got around that I buy the Sunday Express and Sunday Dispatch 
just to read Nat Gubbins and Patrick Campbell. Else, why should I be asked 
to write about the B.I.S. Crazy File ...? Why, indeed! 

Actually, my first glance through the file proved rather disappointing. 
After all, isn’t the job of crossing space quite a gamble?—then surely there 
can’t be anything strange about someone enquiring our rates for advertising 
his betting agency. ... Again, shouldn’t we, the “British /nterparliamentary 
Society,”’ feel honoured rather than amused at receiving a Petition requesting 
our intercession in the Slovak situation . . . ? And again, wouldn’t we like to 
have all our members plutocratically attended by foreign servants ?—especially 
when someone kindly offers them in sets between the extremes of Housekeepers 
and Mother’s Helps. Particularly so, since the pamphlet induces exciting 
visions of exotic loveliness by the delightful phrase, “we will . . . select a girl 
that 1s likely to come nearest to your expectations.” 

Extracting this interesting brochure for detailed study, I began to run 
through the file a second time. . . . Persistence brings its own reward. Almost 
immediately my eyes were arrested by the following statement which appeared 
near the beginning of a neatly-typed seven-page screed :— 

“When my horoscope was cast tt was too hot to touch and took three months to 
cool. Alas, it was then found to be cracked.” 

Having read this remarkably frank passage three times to make sure I 
wasn’t imagining things, I continued down the page. . . . “At six months I was 
too big for my cradle and had to sleep in a matchbox,” the paper went on. “At 
three years I took my big toe out of my mouth. At four I put tt back again. It was 
more comfortable that way.” 

Now what on earth can all this be about? I said to myself. Some poor 
benighted soul seems to be telling us the story of his life. But why? Anyway, I 
can’t believe he’s telling the truth. . . . However, perhaps it’ll make sense in 
the end. Presson... . 

But no—the epistle continued in similar vein right through. By page six 
it had got round to discussing the B.I.S. After calling us ‘‘horribly intellectual,” 
the writer went on to say, “You only have to believe that nothing is impossible 
and you are eligible as an ordinary member. Fellowship comes a little harder. 
Here one has to invent an entirely new impossibility in order to qualify.” 

At this juncture a disturbing thought struck me. Where had I heard 
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something like that said before? Not quite the same, but nearenough. Whichof 
us had once objected to an applicant for membership on the grounds that “‘this 


person says the most peculiar things . . .”"? And who had replied that, on the 
contrary, that practically qualifies for Fellowship . . : ! 
Never, never, dear reader, write anything that may bounce. . . . Turning 


swiftly to look at the heading of the paper I had been scanning, my fears 
were confirmed—I was reading my own autobiography . . . ! 

It has often been remarked that Astronautics embraces a wide range of 
subjects. Believe me, only those who have read the B.I.S. Crazy File really 
know the whole gamut. I'd expected a good many technical absurdities, 
innocent and otherwise, but not my pet abomination, mysticism: at least not 
so much of it. Indeed, judging from the stuff I’ve been reading, there’s no need 
to wait for a Flying Saucer to arrive before getting down to the problem of 
understanding alien intelligences. Experiments can begin right now with the 
ones we've already got. In fact, if we succeed in this direction then the minds 
of all other cosmic beings will certainly be open books. 

You see, the trouble with mysticism is that it doesn’t derive from logical 
thought, but relies upon affirmation and interpretation, belief and opinion, 
concerning which there can be no definite proof. This means that, unlike the 
physical sciences, there’s no consistency about it. What is true to one person 
isn’t true to another. Hence mysticism is about as trustworthy as English 
weather, and at least ten times more infuriating. Lastly, mysticism in its acute 
form becomes so utterly inconsequential as to be quite rabid. Trains of thought 
which start out looking as if they’re going to A suddenly divert towards B, and 
often wind up, without an engine, at X. 

Of course, most of the mysticism inflicted upon the B.I.S. has a scientific 
slant. The consequences are surprising. For instance, one correspondent tells 
us (quite casually) that as the result of investigating certain ancient writings he 
has discovered that the Moon was destroyed in an interplanetary war which 
took place 227,000 years ago. Unfortunately, the writer does not explain what 
now causes moonlight and the tides; however, he does say why the war was 
fought. As you'll never guess, I’d better tell you right away that it aimed at 
simplifying human beings as a race. If so, then obviously it wasn’t a successful 
war. These days we could undoubtedly do the job far better all by our- 
selves. 

Incidentally, this same correspondent has an interesting explanation for the 
Pyramid (sic). According to him (Harwell, please note), it was once used as 
an atomic pile. ‘The priests would ascend the steps of the pyramid until each 
man’s ‘sacrifice’ became hot. Then a strange fire burned between the separated parts 
of the sacrifice.” 

After learning this I don’t suppose the reader will be at all surprised to hear 
that the Tower of Babel wasn’t a tower, but “a spaceship supply line to fighting 
forces on other planets, most likely Venus and Mars, because tt took a year to fill 
an order sent and by that time the requirements against the forces of resistance 
were different.” 

So now you know. At least you know that with mysticism anything may 
happen—and usually does. . . . Unless, that is, you write to the B.I.S. on 
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of the subject of mysticism, when nothing will happen, as was the case with the 
his following gem received in 1949:— 
‘he “Dear teacher of occults and Philosophy, My reason of writing you according 
to what I have seen on your advertisement the particular one is the Kabbala So I 
ng would like to know tf you have any of the ancient Kabbala or the modern So please 
ars send the price of the modern and the ancient and your book of philosophy also 
please send me a catalogue. 
of So please send and let me know urgent I am interested so that by the early part 
lly of next year I'll join the school.” 
eS 
= Apart from our Secretary getting letters like that one, or addressing him as 
ed Mr. Pye, or calling him ‘‘Dear Master and Friend,”’ or rather more formally, 
of “to whom it may.concern,” he has to put up with the most intimate, not 
he to say frightening, questions. Such things as “do you see the so-called ‘Dead’ 
ds by the ‘Light of their Spirit... ?’ “Have you had a ‘Comforter of the 
Spirit’ come into your bed-room at 8.0 a.m. in the morning, before a witness . . . ?” 
al “(HOW MANY TIMES HAVE YOU LEFT YOUR BODY... ?” 
n, I don’t know how Mr. Carter stands on these questions, but if he Aas had 
1e such experiences, then I for one would like to know, because something ought 
n to be done about it, pretty smartly. 
h The ingredients of mysticism, religious mania, and plain lunacy being very 
e alike, it isn’t always easy to distinguish between them. Indeed, several letters 
t to the B.I.S. manage quite successfully, and apparently without effort, to 
d combine all three. Prophecy is also rampant. For example, one correspondent, 
quoting ‘‘a Being from a higher plane,” asserts that “Individuals of advanced 
c thinking will before 1957 use the atomic power to dematerialise themselves to 
s overcome time and space.’ I include this particular announcement because I 
e feel that all those now working feverishly on the Poltergeist Drive should know 
1 that they’re wasting their time. 
t The end of the world has been predicted so many times with such disap- 
5 pointing inaccuracy that this prophecy fortunately now causes very little 
t disruption of armament programmes. The latest (practically unique because 
l the prophet seemingly meant to do the job himself) came in the B.1.S. post on 


3rd January this year. Unhappily the information could not be used for 
interplanetary propaganda for the simple reason that it was then too late, since 
the cataclysm should have occurred the day before—on 2nd January. Apart 
from commenting that this surely marks an all-time low in prophecy, it must 
be made clear that we take an extremely dim view of anyone destroying the 
world at a time of year when membership subscriptions are falling due. 

The memorable Flying Saucer plague of a couple of years ago, is, of course, 
reflected in B.I.S. correspondence. We even had one or two people sending us 
plans for their own—versions which certainly look like nothing on earth and 
all-in-all about as feasible, technically, as the wings of Icarus. 

Perhaps the most remarkable letter we had was one claiming contact with 
the planet whence the flying saucers had come. This is it—or rather the 
most sensational part, were it true:— 

“Dear Sir . . . The photograph reproduced in the Sunday Dispatch was not * 
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a space-ship, but originated from the Earth. Some of the phenomena seen in the 
skies were from another planet, however, a planet some 27,000 light years away 
from Earth. . The ‘flying saucers’ are not the actual space-ships, but are small 
auxiliary craft or ‘space-dinghies’ attached to larger ships. 

We were contacted by this other planet in August of last year, through the 
medium of Kelmic energy, and have been in constant touch since that time, and 
have learned many facts concerning space and space-travel that could not otherwise 
be known by earth people. 

According to our contacts, this planet of ours would have invented an unmanned 
projectile capable of attempting the journey to the Moon within the next ten years, 
but steps will be taken by them to see that this is not accomplished, because data 
obtained by these projectiles would be useful in preparing the way for manned 
vessels. They say, however, that the mis-use of science on this planet is such that 
having proved incapable of running our own planet harmoniously, we shall not be 
allowed to land on another. 

The planet Strorp with whom we have contact (it is unknown to the Earth) have 
recently sent a fleet of their scientists to survey this galaxy, and it is from their fleet 
that these ‘flying saucers’ have emanated. Their headquarters are at present on 
the Moon, and from the descriptions we have received from them it is obvious that 
having accomplished the journey, man would not have any hope of survival there.” 


Spoof or aberration, the opportunity was too good to be missed. Breaking 
our rule not to answer letters of this kind, we replied as follows:— 


**Dear Sir, 

Thank you for your interesting letter on the subject of flying saucers. 

It would appear that you have been the victim of a hoax, since according to 
unimpeachable sources—which unfortunately we are not permitted to reveal—the 
flying saucers are not from the system of Strorp, but from the much closer planet, 
Ploop, only 3,560 light-years away. Alternatively you may have made one of those 
mistakes in identification which are almost inevitable when using so unreliable a 
medium as Kelmic energy. 

Yours faithfully, 
etc.” 


The many inventions submitted to the B.I.S. for consideration cover a wide 
field—anything from ray-pistols that would delight Dan Dare to antigravity 
motors that would delight everyone if only they worked. Needless to say, all 
those ideas which land with a dull thud in our Crazy File are definitely crazy. 
Some inventors provide drawings and notes, for the most part quite unintel- 
ligible, not to say unintelligent. Other geniuses are, however, more cautious 
about giving us opportunity to bury their brainstorms. Particularly, and 
perhaps not unnaturally, in the case of antigravity devices. Here we seldom 
get anything more concrete than a letter making cryptic but usually very 
startling claims—as, for instance, in the following :— 

““My Dear Sir . . . my experiments in extra-terrestrial travel do not follow the 
lines of rocket propulsion. . . . Travel will be along lines of gravitational tension. 
This motive power can also be used for vertical right-angled travel on the surface 
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of the earth, but since its initial momentum is slow will only be suitable for the 
transporting of great weight bulks. The DFC-1, DFC-2, and DFC-3 have already 
been constructed and on \st January, 1946, 1947, and 1948 these three respectively 
each lifted | kilo of dead weight beyond the earth's point of no return. ... Iam 
making no public announcement, nor am I applying for letters of patent on the 
principle until the Russian situation is resolved.” 


Obviously that left our Secretary with only one possible reply. It was: 


“*Dear Sir, 
I thank you for your letter of 1st March. As soon as the Russian situation 


has been resolved we should be glad to receive detatls of your inveniien. 


Yours faithfully, 
etc,” 


Actually, after four years we're still waiting for a reply—but, knowing 
politics, doubt whether we'll ever get one. On the other hand, maybe the 
inventor is now making a personal exploration of the “‘earth’s point of no 
return,” wherever that may be. 

Perhaps the greatest attribute of a good Secretary is to know which letters 
besides those proffering money he may safely answer. In particular, arguments 
with the Crazy Gang must be avoided, for experience shows that correspondence 
which starts quite innocently as Science Fiction may easily degenerate to 
Science Friction and culminate as Science Ruction. Unfortunately, it isn’t 
always possible to detect abberration in the first letter, especially when the 
writer is a foreigner struggling to express himself in English, which excusably 
results in some pretty fantastic passages. On the other hand, a 300-word letter 
which (for instance) begins “J suggest the following idea should at least be con- 
sidered during the next 2,000,000,000 years,” can obviously be dealt with quite 
conscientiously, albeit tediously, at a steady rate of one word every 6,666,666 
years. 

It would be possible to occupy an entire Journal talking about the B.LS. 
Crazy File, but that would doubtless exclude some rather more important 
material, perhaps it is high time to draw the veil once more. . . . 
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ASTRAGLOSSA 


or 


First Steps in Celestial Syntax 


By LanceLot HocGBEn, F.R.S. 


SUMMARY 


The theme of the paper is the possibility of initiating long-distance communication with 
intelligent beings within the solar system on the admittedly unlikely assumption that such 
exist and have means of recognizing signals transmitted in some region of the complete wave 
spectrum. The contention is that the desiderata for a common framework for reciprocal 
understanding in the first stage will be the number-concept and knowledge of celestial 
occurrences. These suffice to establish symbols of recognition of a prescribed numeral 
system, units of time and identification of celestial bodies. If extra-terrestrial neighbours 
have advanced to our level of astronomical science, it will be possible to enlarge the radio- 
lexicon of extra-terrestrial communication successively by symbols for mass, temperature 
and distance, identification of elements by their spectra, whence exchange of information 
concerning the composition of the crust of our respective planets. The most formidable 
problem antecedent to any exchange of biological information will be how to introduce the 
Ego-concept. The paper concludes with a discussion of a conceivable solution and its 
implications. 


Until human beings have instituted some system of world government to 
guarantee law and order on our own planet, no reflective person can entertain 
a favourable prognosis with respect to their continued survival as a species in 
the age of Atomic Power. On the threshold of World War III one can therefore 
forecast the further progress of modern science with little confidence to justify 
either the hope of establishing communication with our celestial neighbours, if 
such there be; or of testing their possible existence by interplanetary travel. 
Nor need the unlikelihood of achieving this goal evoke sentiments of alarm and 
despondency. Before we have proven ourselves worthy to occupy ourown planet, 
we may well dread the consequences of publicizing our existence to beings 
conceivably intelligent enough to forestall any depredations we may contemplate 
in other parts of the solar system. When we reflect upon the trail of still 
unsolved problems of race relations in the wake of the slave-raiding bible- 
punching buccaneers of the first Elizabethan era, we may permissibly share 
Dean Swift’s doubts about the fitness of man to undertake indiscriminate 
exploits in colonization. 

None the less, the possibility implicit in the invitation extended to me by 
the British Interplanetary Society is a challenge to cerebration, if only for its 
entertainment value to myself. Nor do I feel guilty in such self indulgence. 
When too many miners were on the hunger march and too many men of science 
secluded in their own towers of ivory, it might be necessary to emphasize the 
material uses of science, as I have done in Science for the Citizen. With the 
foundations of a Welfare State truly laid and the term operational research 
perpetually on our lips, there is now a useful niche for useless speculation which 
brings us face to face with eternal verities uncongenial to the authoritarian 
temper of our times. In any case, our topic raises issues which may give us 
deeper insight into the education of our co-planetarians. 

Those who recall the literal Greek derivation of the word will not need the 
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reminder that my theme is an exacting exercise in semantics. It is moreover 
an exercise which bears on a special type of teacher-pupil relationship, if we 
envisage, as we must, the likelihood of some measure of reciprocity in the 
accomplishment of the end in view. Too many people feel about semantics 
what others feel about posterity. I do not refer to the reflection that posterity 
is round the corner. I mean that it has not done much for us hitherto. Any 
puritans disposed to regard our jeu d’esprit as deplorable waste of time by an 
individual who might otherwise be more usefully employed in serving that great 
Leviathan, the State, may therefore relax like the lady in the Chinese proverb, 
when faced with worse than death. Our undertaking will be truly serviceable, 
if we are thereby better able to understand what semantics can do for education 
by giving it a novel, difficult and challenging job of work to do. 

We are here talking about a possibility within the conditional framework of 
the hypothesis that there exist extra-terrestrial beings, and that communication 
with them is realizable. At the outset, this arbitrary axiom calls for more 
explicit statement. In the light of existing knowledge, we must first postulate 
two subsidiary assertions: 

(a) our extra-terrestrial neighbours (E.T.N.) either have somatic receptors 

for some range within the complete spectrum of radiant energy or have 
recording instruments for detecting the same; 


(b) both they and ourselves have the means of transmitting radiant energy 
detectable as such to both of us. 


That we are now able to talk about radar echoes from the moon’s surface 
gives the possibility last stated more prospective plausibility than the Wellsian 
romance about its first earth visitors. Still, the foregoing postulates, though 
necessary, are not sufficient conditions of the practicability of interplanetary 
communication. Besides biomechanical assumptions, we shall have to 
introduce others at an interplanetary scholastic level: Most important of these 
concerns how we can initiate long distance communication with beings with 
whom we presumptively share no idiom of discourse. This will be possible only 
if there exists a common field of concepts and of experience to endow our 
signals or theirs with meaningful content. This condition, the existence of a 
common field of semantic reference (C.F.S.R.), is the one which will necessarily 
engage our prior attention. 

On. this understanding we are free to suppose that we ourselves take the 
initiative or contrariwise. The alternative provokes the imagination to under- 
take no exacting effort except in so far as a clearer view about how we should 
proceed to teach our E.T.N. may help us to anticipate more clearly how we 
may be able to learn from them. Though some measure of reciprocity in the 
teacher pupil relation would appear to be inevitable, we shall thus keep the 
ensuing discussion at a more general level, if we regard our task as instructional. 

In defining the initial C.F.S.R., my own limited powers of imagination can 
conceive of only two categories of common concepts and common experience. 
That people who use multitudinous scripts and languages now employ the same 
Hindu-Arabic system of numerals reminds us that number is the most universal 
concept by reference to which we can readily establish one-way communication 
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with the first human beings who tried to communicate at a distance through the 
medium of writing. That the calendar is a major preoccupation of the earliest 
scripts likewise forces on our attention that celestial events will likely prove to 
be the only common topic of experience with our E.T.N. in the initial stages of 
establishing any sort of communication with them. With due humility towards 
our limited speculative faculties, we may thus state the axiom of the C.F.S.R. 
as follows. Number will initially be our common idiom of reciprocal recognition ; 
and astronomy will be the topic of our first factual conversations. 

As we know, all early numeral systems embody the principle of repetition 
which has come down to our time in the first three cyphers of the Roman and 
of the Chinese battery of number signs. In a manner of speaking, the Hindu- 
Arabic symbol for unity is a vestige of its original function, i.e. to visualize 
marks made on a tally stick, on a stone or in sand as an aide-mémoire. What 
then is the compelling necessity for any such aide-mémoire? Surely the answer 
is simple. At a low level of social organization, human beings have little, if any, 
use for symbols to make a permanent record of static objects easily enough 
enumerable in one and the same setting. On the other hand, we cannot count 
events in this way.. Time flies; and the memory of the wisest old man or the 
wisest old woman of the tribe can no longer keep in step with it, when more 
settled ways of life create the social necessity for a priestly caste entrusted 
with the custody of the calendar. There is therefore some substance for the 
supposition that other beings able to contemplate the firmament and to organize 
settled life in conformity to the dictates of seasonal change will share with us 
the abstract concept of number. 

This consideration raises a query of minor interest : can the putative inhabit- 
ants of Venus indeed contemplate the firmament through the cloudy atmosphere 
which enshrouds their world? Since we cannot answer this question, it may be 
better to talk about Mars, and to speak generically of our extraterrestrial 
neighbours as Martians, which sounds less like an excess profit tax than E.T.N. 
Henceforward, unless otherwise stated, we shall therefore speak of Martians in 
a figurative sense, though there may be good enough reasons for referring 
explicitly to the inhabitants of Mars as such at a later stage. To dramatize 
my theme, I should prefer it otherwise, because the Venus Cycle occupies such 
an important status in the Mayan calendar from which we shall get our next cue. 

Though we cannot communicate with our Neolithic forbears, they themselves 
can communicate with us through the mists of time. Thus the archaeologist 
has a special contribution to the agenda of our symposium. For our purpose, 
the script of the cultures of Guatemala and Montevideo, not very long extinct 
when white men landed in America, will be specially instructive because number 
symbols (Fig. 1) and astro-calendrical hieroglyphs (Fig. 2) circumscribe its 
content. It has therefore both components for our first interplanetary colloquia, 
and little if anything more. Within the framework of our axiom, it will supply 
us with all the ingredients for teaching the Martians how to talk with us by 
visual aids. 

At this stage, we need say nothing about the astro-calendrical hieroglyphs 
except to mention that they confront the imagination with no challenging issues 
other than those faced and solved within limits consistent with our theme by 
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Fic. 1. The Mayan numerals. 


Pes FOS6aH 
8 BS QRSODO 


2. Mayan calendrical hieroglyphs. 


the late Otto Neurath’s international dictionary of Isotype and the system of 
world-wide Semantography devized by an Australian chemist, Bliss, for 
speeding up the education of preliterate communities. 

Here, as possibly earlier, someone may ask: why I do not ask what clues 
we may gain from: (a) how the isolated shipwrecked mariner learns the lingo 
of the North Caroline Islands; (b) why I say nothing about what we may conclude 
from the way in which children learn to talk? The answer to the first question 
is simple. While the sailor can point at things in the earliest stages of associating 
a new sound symbol with them in a framework of direct communication, our 
major preoccupation in the long-distance situation we here conceive will be to 
devize a technique of how to point at things. As regards the second query, I 
should like to be able to record that educationists are likely to travel on any 
terms other than as passengers in our adventure; but I hesitate to take them on 
board in an executive capacity. The sad truth is that professional educationists 
and their unofficial opponents are, broadly speaking, divisible into two cate- 
gories: (a) those who regard it as their main business to establish the ineducability 
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of the pupil by recourse to factor analysis: (b) those who maintain that trying to 
teach a child anything when it should be developing its so-called personality is 
an extremity of cruelty overdue for incorporation in the penal code administered 
by the Law Courts. The only unmentioned clue that I regard as specially 
relevant to our theme I shall merely refer to en passant, viz. what we now call 
programming, i.e. the syntax of the language in which we transmit orders to 
the new electronic computing: machines. 

With this digression behind us, we can get back to Guatemala, recalling the 
essential feature of the Mayan numeral system. With one exception, the 
ingredients are dots and dashes laid out repetitively in a certain sequence at 
conventionally prescribed intervals. Thus it has three abstract components 
iteration (1), rank order (r) and gap (g). It is not necessary to explain at length 
that all these are translateable in a medium of interplanetary communication 
which may be initially one-dimensional, i.e. temporal. The exception mentioned 
above refers to the fact that the Mayan system had a zero symbol on all fours 
with the astro-calendrical pictograms. Initially, this will be unnecessary. 
Indeed, the zero concept may require elaborate exposition pari passu with the 
meaningful conveyance of our number symbols, though easily enough explicable 
(vide infra) in a factual context. At any level of factual communication, as 
when we begin to associate numbers with events, we shall need to have 
calendrical hieroglyphs, i.e. signal patterns for concrete celestial entities in the 
C.F.S.R., to convey the meaning of Venus or the Sun, day and night, etc. In 
contradistinction to stroke or dot which I shall briefly call dashes, we shall thus 
need a special battery of signals each recognizable as a Gestalt; and I shall call 
these radioglyphs or flashes. 

The basic elements of our first vocabulary will then be dashes (d) and 
flashes (f); but our use of them will depend on a system of celestial punctuation 
already suggested, viz. rank order (7) and interval (g). If by chance this concep- 
tion is not clear, we may here set our Martians an entrance examination by 
repeating a signal pattern (S-P) to convey an identity in first steps towards a 
more economical numeral system, easily intelligible if we employ Roman 
script, viz.: 

I+i2+1I=VI 


In the flash, dash, iteration, rank and gap symbolism of our signalling system 
we might set out in two stages this identity with its interpretation as follows: 
THE ENTRANCE EXAMINATION 
I+ II+ II = VI 

ie ee we ae ee a GR YS Ee 
G3: Bent oF pc AA Pi age e-24.824.1.3.4 


The translation is a rather low-grade intelligence test for this audience, 
though not necessarily the first task we should assign to Martians about whose 
mental processes we, as yet, know nothing. We interpret the unit gap by a 
signal full stop, i.e. unit time-interval in our signalling system, as indicative of 
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the concept of iteration, and the numbers as such by dash-iteration. We 
interpret the double time interval as the announcement of an impending 
operation or change of our symbolic conventions. In this set up the flash F, 
signifies the operation of addition, the flash F, the relation of identification and 
the flash F, as the introduction of the cypher symbol for six. 

In the assumed role of teacher rather than pupil, we are now ready to write 
on the blackboard, if successive repetitions of an appropriately simple semantic 
pattern have elicited the interest of the extraterrestrial class. How we can do 
so will be the theme of discussion at a later stage. Here we shall assume that 
the class is attentive. We then reach across-road. Shall we start the school day 
with. a lesson in arithmetic or with a lesson in astronomy? To weigh the 
implications of this decision fairly, we must first say what we mean by a lesson 
in astronomy. This presupposes some preliminary preparation by the teacher, 
in particular two tasks which we must delegate to the astronomers on the panel 
of experts working on the agenda of our symposium. We must first ask them 
to compile a day-to-day cross reference calendar of light and darkness and 
seasonal conditions for Mars (here used figuratively) and our earth. To do this 
we shall have to fix a zero of Martian longitude identifiable to ourselves as such 
by some prominent feature, e.g. the Syrtis Major or the Sinus Meridiani of Mars 
sensu stricto. It will not necessarily be an obvious choice from the viewpoint of 
the Martians who (we can only hope) will be able to identify it as such by 
repetitive receipt of a flash coincidence with local noon so defined at intervals of 
one Martian diurnal cycle. We are then ready for a second lesson. From our 
cross reference calendar we choose some celestial event such as the occultation 
of our own moon or a conjunction of earth and Venus as seen from Mars at a 
given moment of Martian time at zero Martian longitude. This is the D-moment 
of our next sequence messages. The lesson then signifies sending one and the 
same flash accompanied by x dashes at x time-intervals before D-moment, 
(x-1) dashes at (x-1) time intervals before D-moment, and so on. We could 
add the zero concept to the lesson as light-weight by substituting a particular 
flash for the now vacant dash (0 time intervals before D-moment) in the 
signal to synchronize with the event. 

Going about our self-assigned task in this way is conceivably open to one 
objection. To begin the school day with a lesson in astronomy has the great 
educational disadvantage of trying to teach two skills in one context, i.e. to 
identify the number concept and to label the historical event. What if our 
bright Martian pupils, not as yet aware of its source, conclude that the signal 
pattern associated with the celestial event is a new or hitherto unrecognized 
regularity of nature? Since we cannot answer this question, it will not greatly 
compromise the consistency of any entertaining conclusions we may next 
proceed to formulate, if we now decide to divide our curriculum into a fresher 
course on number-lore and a sophomore course on star-lore. 

Our fresher course will have two objects: first to convey the suggestion that 
we are indeed issuing signals; second, to introduce a system of enumeration 
sufficiently compact to answer the purposes of the sophomore course which 
follows. One way of accomplishing the first while making the task of accom- 
plishing the second more easy suggests itself, if we recall a device almost 
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Fic, 3. Figurate numbers of 0, 1, 2, 3 dimensions built up on the same pattern as the 
natural numbers (one-dimensional) from the units (zero dimension). 


certainly contributory in large measure to the remarkable efflorescence of the 
theory of numbers in India during the first two centuries of our era. The 
various Figurate Numbers, e.g. the infinite number of families of infinite series 
of which the triangular number series is the two-dimensional representative, 
constitute a pool of exercises in simple rules equally suitable for wall chart use 
in a Manchester schoolroom or signal transmission to Mars (Figs. 4-6). 

To exhibit the build-up of the triangular numbers, we need only two flashes 
F, (+) and F, (=) already used; but we might advantageously employ a new 
battery F,., meaning this is an example of the rule D. Starting with the build-up 
of the natural numbers our code would yield: 


| OE Sh ae ye SN (l+1= 2) 
a a SAS: ES (1 + 2 = 3) 
| ee SRP Ee SNe oe es ey 
The build-up of the tringular numbers would be: 
pe he Ne oe a (1 + 2 = 3) 
(ES BAS Ue ee See Se (l+2+3=6) 
a A Oe Ae ee Se ee A ES ee ARE SSE 


(l+2+3+4+4=10) 


By suitable manipulation of the intervals in the flash Gestalt we can give our 
battery of instructional symbols (F,.4) a dual character. Thus they will have 
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(r) [r, |r, fr, (F, [Fy [Fe 
0 1 1 1 1 1 1 
oF, 1F, 2F, 3F, 4p, 5F, 
IF, IF, IF, 1p, IF, AF. 
1 1 2 3 4 5 6 
,, $j('jF, jF j$%“ Fy “Fy Fs 
°F, °F, °F °F, °F °F, 
2 1 3 6 10 15 21 
°F 1F "Fs °F, *Fs) Fg 
SF, 5K, SF, ar, er, °F, 
3 1 4 10 20 35 56 
oF, IF, °F, 3F, 4p, 5F, 
4F, {‘F, 4F, ‘fF, ‘r. ‘Fr, 
4 1 5 15 35 70 126 
°F, IF, *F, °F, ‘{F, SF, 
°F, °F, PFs °F, °Fs °F 
5 1 6 21 56° | 126 | 252 
oF, IF, °F. 3F, {F, 5. 
COLUMN 
hae 3 4 5 6 (c) 





Fic. 4. Two-dimensional Figurates built up by the 
same law as the triangular numbers from Arithmetic 
Series whose initial term is unity and whose common 
difference is 1, 2, 3, etc. 


two components like a Chinese (Fig. 8) logogram, one (the radicle) representing 
the assertion this is the rule, the other (the qualifier) specifying the dimension of 
the rule. Thereby we can kill two birds with one stone, since the qualifier in 
this context can be a flash symbol for a cypher. We have already introduced 
F,=6. Thus F, would be one component of F,., the rule flash of the sixth- 
dimensional figurates built up on the same pattern as the natural and the 
triangular numbers, i.e.: 


1, 7, 28, &, 210... ., etc. 


It would be tedious to elaborate the endless possibilities of building up the 
concept of rule and all the operational flashes necessary for the introduction of 
our system of cyphers by the build-up of number series easily transmissible in 
code. We shall assume that we have accomplished the elementary task of 
defining zero; and I do not think infinity would offer insoluble difficulties. 
The operations of subtraction, multiplication and addition introduce no new 
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Fic. 5. Visual representation of the class of two-dimensional Polygonals 
shown in Fig. 5. 


ones. Anyone who is familiar with figurate numbers, including a novel class 
(Fig. 6) of which* I gave the two-dimensional hexagonal representative in 
Mathematics for the Million, will be able to visualize radio-code transmission of 
such rules as that of the sum of the first » odd numbers (Fig. 8) or that of the 
sum of the squares of the first » odd numbers, i.e. the three-dimensional figure 
(octagonal pyramid) based on the two-dimensional figurate of Fig. 6. 

Our aim, however, will be to get as quickly into the domain of factual 
discourse as possible, and to get far in that domain we shall need to scrap the 
principle of repetition in favour of a compact secondary system of flash cyphers 
(e.g. F ,) adaptable to expressing both very large numbers and very small ones. 
We have now seen one way of accomplishing the task; but we must not lightly 
assume the choice of the base 10, which may be repugnant to Martians, unless 
they also have two hands with five fingers apiece. The mechanism of the new 
computing machine has familiarized us with advantages of the base 2 succes- 
sively emphasized by Laplace and Boole. That it has some grave disadvantages 
in the one-dimensional domain of communication seems to me to be obvious. 
As we all know, the base 12 has every advantage of the base 10 and the suffici- 
ently familiar additional one that it has as its factors 2, 3, 4 and 6; but we do 
not know whether our Martians are hexadactyl. Given a suitable base and 


* Professor Meredith and I have worked out a general treatment of this class given in 
my book, Chance and Choice, Vol. I. 
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Fic. 6. Visual representation of another class of two-dimensional 
Polygonals. 


Note.—The octagonals are squares of the odd numbers and the corresponding pyramida 

(three-dimensional) series gives the sum of their squares. 
flash symbols already introduced, we can rewrite trigonometry for the Martians 
by recourse to definitions in terms of infinite series. 

We need not necessarily wait till the stage at which we have laid down the 
rules of our secondary system before we enter the domain of factual discourse. 
As stated, a system of number symbols based on the principle of repetition would 
suffice, if supplemented by a single specific radioglyph for the announcement of 
a particular celestial event. We should then have introduced the substantive 
into our vocabulary, which now consists of the following components: 


(a) Primary numbers (e.g. 1.1.1). 
(b) Cyphers (e.g. F,). 
(c) Operators (e.g. F,). 
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(d) The Copula of identification (F,). 
(e) Indicatives (this ts the rule). 
(f) Substantives (heavenly occurrences). 


The transmission of our first celestial news announcements presupposes as 
a component of its indicative content the choice of a suitable fixed time-interval 
to give meaning to (x), (x—1), (x—2), etc., units of time before the D-instant. The 
proper choice of it must anticipate a contingency not explicitly stated in our 
preliminary axioms. We have postulated that our Martians have means of 
detecting radiant energy in some range of the complete spectrum. If so, they 
may possess knowledge of the material composition of the stars definable in 
terms of line absorption. This opens the possibility of associating the concept 
of number and duration with the concept of matter in its several elementary 
forms. Besides celestial events in the ordinary sense of the term and possibly 
visible local events such as the recession of polar ice caps or changes of the canal 
system of Mars (sensu stricto), our C.F.S.R. may therefore embrace the chemistry 
of the stars, and thence by easy stages the composition of the crust of our 
respective worlds. 

To enlarge the section devoted to substantives in our radio-lexicon in this 
way, we shall need to remind ourselves that our own time-unit for specification 
of wave frequencies is an anomalous survival of the Babylonian numero- 
calendrical lore. We shall have to scrap the second in favour of some division 
of the Martian diurnal cycle or sidereal year consistent with the base of our 
common secondary numeral system, and preferably referable in some simple way 
to what we now regard as a universal constant, viz. the speed of light. 

If we entertain the possibility that our Martians have advanced as far as 
ourselves in the science of astronomy, we may add two other abstract concepts 
to our vocabularly for which we shall need two new radioglyphs. We know the 
relative diameters and masses of the planetary system. If we select any one 
planet to specify a unit of length and mass, the association of the appropriate 
signal for unity with the name flash for the standard planet and the association 
of appropriate number signals with name-flashes for other planets (and the 
sun) should then suffice to provide the ingredients of a semantically adequate 
interplanetary news item. If we have also established reciprocal communication 
at this stage, it may then be possible to exchange new information about the 
structure of the crust of Mars and of the earth. 

It is indeed unlikely that we should progress very far in our sophomore 
course of astronomy or even in our fresher course of arithmetic without such 
reciprocity. Thus we have slipped in an assumption we have not as yet justified. 
Can we indeed discover a technique to elicit information to the effect that the 
teacher has the attention of the class and that the pupil understands what the 
teacher is trying to convey? Evidently, we cannot, if we confine ourselves to a 
monologue of simple assertions, no matter whether such assertions embody rules 
of enumeration or descriptions of the common field of our experience. 

Our hitherto unmentioned problem, and one which we must face at an early 
stage if only to sustain our own morale as teachers, is not one to which the 
shipwrecked mariner or the educational theorist can contribute much, though 
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Fic. 7. A Visualization of the Summation of the first » natural numbers. 


perhaps a fuller case history of Helen Keller than any that has come my way 
might do so. That we must face it is evident, if we recall the morphology of 
our language so far conceived within the straight jacket of simple affirmation. 
You will notice that it has no category.of pronouns. It will be easy enough to 
slip in a flash for 7 (F;) and for they (F;); but our teaching lacks the personal 
touch, till we can introduce the antithesis we-you. This possibility emerges so 
soon as we establish reciprocity by repetitive association of an our (F,,) flash 
with a question in juxtaposition to a your (F,) flash with the appropriate reply 
(Fig. 11); but the identification presupposes the solution of a syntactical 
problem, the distinction between affirmative and interrogative statement. This 
will be our next task. 

First, we may recall a joke of Edmund Gosse* at the expense of Swinburne. 
In its beginnings, as it may well be in the beginnings of all human speech, the 
vocabulary of the ship-wrecked mariner might likely consist of three main 
components: substantives (stick, shell), imperatives (push, lift), vocatives (you and 
any personal name) with the several functions of identification, eliciting action, 
engaging attention. In the beginnings of interplanetary communication, as here 
conceived, we shall have no imperatives sensu stricto and repetition of signals 
will be our only means of eliciting information. We can lay down for our- 
selves or for the Martians the outlines of a syntax which is essential to rapid 


* Itylus begins with two vocatives which might as well be imperatives: 
‘Swallow, my sister, oh, sister swallow.” 
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progress in the shipwrecked mariner’s self tuition and an indispensable pre- 
requisite to reciprocity of interplanetary communication, only if we can 
prescribe a means of distinguishing: 


(i) affirmation, negation and interrogation; 


(ii) assent, denial and doubt. 


This will be our initial problem of celestial syntax, as I here conceive the pro- 
gramme; and I do not think that it is difficult to accomplish a possible solution 
of it at a very early stage. We have labelled a class of affirmations by the flash 
F,,.q (“the rule for the dimension d of this family of series is’). This is simply 
an affirmative label for a signal sequence announcing the build-up of a number 
series. Let us now transmit the same signal with two modifications. We sub- 
stitute a new preposited flash F,,., for F,.4 and insert an erroneous term in the 
series in juxtaposition to the foregoing message (Fig. 9). By repeating the 
lesson, the class infers that F,,., means “this is mot the rule” . . ., etc. This 
flash like F,.4 will have two components, a radical and a qualifier in terms of 
the Chinese ideogram; (Fig. 7) and the radical (F,) will have the function of its 
abstract content, i.e. the negative particle. 

Now we can play with this theme at many levels as follows. We can drop out 


A FIRST LESSON IN CELESTIAL SYNTAX 


A ffirmative 


WRT I RES eS ee RY 


re* 


Negative 
F 


Interrogative 


of our message the affirmative F,., and substitute a new dual flash F ,., (what 
is the xth term?) for any member of the number series; and have now found a 
basis for the concept of interrogation, e.g. : 


BF Pegs PF eshits3 1 + ?(x,) =3 
Again we conceive Ff, as the radicle of a Chinese ideogram, so that we can 
separate the abstract concept (F,) of query from the particular context. 
Thus we may symbolically write F,., (what is x?) as F,. F, in which F, may 
be a cypher or a substantive flash. 

If we proceed on such lines we can lay down assent or denial by preposition of 
the radical F , to a false in juxtaposition to a true statement and postposition of 
appropriate flashes, viz.: (i) the radicle F, if the rule as stated is true; (ii) the 
radicle F,,, if the rule is false. The audience may fill in the alternative conjunc- 
tion (F,) below. In doing all this we have forged the essential components 
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A SECOND LESSON IN CELESTIAL SYNTAX 


Doubt (F,) and Alternative (F,) 
are Saw nee ey Pos eee PS Pee es Fat ae phe PSY eee A EO ee 


Confirmation (cf. Welsh) 
P.M BES A 


Denial 


Toe ee a eA Ae ee ee 


Note: In Welsh, the usual method of confirmation is not by tie use of an affirmative 
particle (yes), but by repetition of the affirmative content. (Oes heddwch? 
Heddwch: Is it peace? yes). 


r 


for two other syntactical devices: (a) alternative statement; (6) conditional 
statement. Within the framework of our arithmetic course we can also add two 
others for which we ourselves use the ideograms .*. and -.*. Thus our basic 
syntax permits us now to distinguish: 


(i) affirmation, negation and interrogation, 
ii) assent, denial and doubt, 

) conditional and alternative assertion, 
(iv) causal and consequential relationship, 

) it-they and we~you. 


Should we find our Martian pupils backward in home background knowledge 
of astronomy, some of the preceding speculations about the lay-out of an inter- 
planetary news-service will be of little relevance to our hopes or fears. Still, we 
have kept an alternative in reserve. Since keeping pupils at play because 
backward and keeping them at play to make them backward are both now 


.accepted targets of educational practice, it would be unfitting to provide our 


school with no recess or half-day off for play. The syntax which emerges 
from our first course in arithmetic will make it possible to lay down rules of 
celestial chess and the invitation to play it. We may then be able to divert 
some of the deplorable combativeness of our own species by recording inter- 
planetary tournaments to keep the international news out of the headlines. 

Our language will remain within the framework of our presuppositions a 
medium of collective intercourse, our celestial culture confined to astronomy, 
chemistry, physics, geodesy, geology and gamesmanship, unless we can either 
introduce the concept of personality into its vocabulary or make space travel 
facilities for visitors to penetrate the iron curtain of the ionosphere. As a 
biologist, I should dislike to relinquish the possibility of knowing something 
about our Martians as individual beings, and I am not of the heroic company 
who would lightly volunteer for such voyages into the unknown, unless the space 
colloquium of the foregoing fantasy had already convinced me of awarm welcome 
awaiting me. Accordingly, I shall now try to indicate a possible trek to an inter- 
planetary definition of the ego through the jungle of celestial demography. (See 
First Radio Lexicon on page 272.) 

We recall that we can establish the bipolar concept we~you by juxtaposition 
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and repetition of already received and transmitted signals, as soon as we have 
solved the problem of identifying the interplanetary interrogative particle (F ,). 
Let us now suppose that we can each detect as such signals from different 
transmitting stations. We can then use our new question and answer technique 
to give the radical component F,, (we) of F,,., (we of the earth) and F,,.., (we of 
Mars) or the radicle component F, (you) of F,., and F,.,, a new contextual 
reference by association with appropriate qualifiers, e.g. F,., (we of site A) or 
F ,.» (you of site B). Given this differentiation, we are ready to lay the founda- 
tions of celestial demography by associating with F,,., (all of us on earth) 
F ya, Fy», etc., the compound interrogative particle how many (F ,.»). 





FIRST RADIO LEXICON (glyphs only) 
F,+; F, =; F,6; F, any natural number 
F,., this is the right rule for dimension s ; F,., this is not the right rule for dimension s 
F, Yes; F, No 
F «-m What is the missing mth term? F, what? who? which? 
F,.,. we on earth ; F,,.,, we on Mars 
F y.m you on Mars ; F,., you on earth 
Fy, we of transmission site A ; F,., you of transmission site B 
F, we; F, you 
F ..~--Fy.q how many of you at site A? 
F,..F,..F,.. the number of individuals is ...... 
F, the Ego 











So we have reached the point at which we are ready to talk about ourselves 
(I) individually, or to ask questions about individual Martians (Thou). No 
new syntactical issues now arise in connection with our first exchange of 
information about interplanetary anatomy, e.g. what receptors and/or instru- 
ments we use, how big we are; what elements dictate the rhythm of life (7) and 
death (the end of me)? If the foregoing, and needless to say, very highly 
speculative premises are admissible, it requires little imaginative effort to 
prospect the possibility of asking other questions about our Martians or of 
answering theirs about ourselves. To some extent, a prerequisite of the solution 
of our biological problem is a common abstract geometry of shape. I do not 
think this will offer a serious challenge to our co-planetary higher mathe- 
maticians to whom the term geometry now seems to signify any branch of 
mathematics if non-visualisable. 

Should reciprocal communication develop in some such way as outlined in 
the foregoing remarks, it would have several consequences beneficial to our- 
selves. We should have to adopt an interplanetary system of weights and 
measures (time, mass and possibly temperature), an interplanetary numeral 
system and a radical revision of algebraic conventions. When we reflect on 
the stupendous waste of human effort and the frustration of human ability 
incident to archaic units of measurement, a defective system of enumeration 
and the all too little recognized chaos of contemporary algebraic symbolism, the 
speculations in which I have indulged will do the State some service, if they 
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Fic. 8. 
Adapted from Firth’s Tongues of Men 


quicken our awareness of one of the truly most challenging problems of large- 
scale education. . 
ADDENDUM 

Arthur C. Clarke, to whom I owe a helpful suggestion with respect to the 
lay-out of our first two factual lessons, has expressed an objection to the 
feasibility of communication without direct contact within the framework of 
one assumption implicit in the foregoing fantasy. With his permission I will 
quote his own words: ‘‘It now seems unlikely that thére are any beings in the 
Solar System sufficiently advanced to use radio. Our present equipment would 
have picked up their signals if they existed.”’ This reflection raises the issue: 
is communication with inhabitants of other systems realisable? If so, I fear 
that the factual content of our C.F.S.R. will be far more restricted than my 
fantasy conceives to be possible. On the other hand, Mr. Clarke, whom I 
quote again, is hopeful of the technical possibility: 

‘Also, if we postulate beings able to receive radio signals at all, we are 
probably safe in assuming that they can interpret the essentially two- 
dimensional pattern of television. The technical advance from telegraphy 
to TV is, on the astronomical time scale, rather trivial. However, band- 
width and power considerations probably make it safe to stick to telegraphy 


or its equivalent. 
“It is interesting to note that interstellar radio should be theoretically 
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possible within a few decades. I recently read a paper by a noted American 
electronic engineer, who applied Shannon’s communication theory to the 
problem. Working with a very narrow bandwidth and a signal rate of 
about one word a second, the power needed to reach Alpha Centauri with a 
transmitting mirror considerably smaller than the present parabola at 
Jodrell Bank is astonishingly small—about a kilowatt! So if (as I suspect) 
there is no intelligence elsewhere in the Solar System, we still have an 
opportunity of getting into touch with intelligent life.’’ 


PROGRESS IN GUIDED ROCKETS 


A press release recently issued by the Ministry of Supply (Information 
Division) states that the Minister of Supply (Mr. Duncan Sandys) and the 
Secretary of State for Air (Lord de L’Isle) flew to South Wales on 26th July, 
1952, to attend firing trials of guided rockets at the Ministry of Supply 
Experimental Establishment at Aberporth, Cardiganshire. 

Afterwards Mr. Duncan Sandys said: 


“T remember at the end of the war discussing with some of our leading 
scientists the possibility of developing guided rockets for anti-aircraft defence. 
I never imagined that what was then no more than a vague and distant 
conception would soon have become a reality. 

“There are still many technical difficulties to be overcome. It is clear, 
however, from the impressive firing trials to-day that some of the most complex 
scientific problems have been successfully solved and that we are coming within 
measurable distance of putting these fantastic new weapons into production. 

“For reasons of military security, I am not free to state precisely the actual 
performances which are being achieved. But I can at least say that guided 
rockets have been developed which can travel at well over 2,000 miles an hour 
and can rise to heights far greater than any bomber is likely to reach for many 
years to come. 

“These rockets can be steered or, better still, can steer themselves through 
the air with great accuracy. They are capable of rapidly altering course, as 
they would have to do to intercept aircraft taking evasive action. In fact they 
can twist and turn with four or five times the degree of manceuvrability of a 
fighter ’plane. 

“This remarkable progress is the outcome of the combined work of a great 
number of people in science and industry. The basic research has been mostly 
done by the Government’s experimental establishments. The results of this 
research have been made available toselected firms, who have been entrusted with 
the task of developing specific rocket weapons to fulfil various operational roles. 

“Almost every branch of industry is playing its part—aeronautics, 
engineering, electronics, plastics, chemistry and explosives. For this develop- 
ment work new laboratories, firing ranges and other facilities have had to be 
provided on a considerable scale, and we are now planning the factory capacity 
which will be required for production. More than a hundred firms are now 
actively engaged on this many-sided enterprise, which is rapidly assuming the 

















Fic. 1. One of the British Rocket Test Vehicles shown at the 1951 S.B.A.C. 
Farnborough Show. 





Fic. 2. A rocket with tandem boost unit shown just after launch at Aberporth. 
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proportions of what I can only describe as a new industry—the Guided Rocket 
Industry.” 

From various announcements that have appeared in the press, before and 
since the above statement, it can be said that all the following British aircraft 
firms are now working on some aspect of rocket propulsion and/or guided 
missiles: Bristol, de Havilland (Engine Co. and Propeller Co.), Armstrong- 
Siddeley, Armstrong-Whitworth, Fairey, Vickers, English Electric, and Napier. 


SOLAR SYSTEM NOTES—5 
By P. A. Moore, F.R.A.S. 


Now that Saturn and Mars have disappeared into the evening twilight, 
Jupiter has become the most conspicuous of the major planets, visible almost 
all night and shining down with a steady brilliance which makes it easily 
recognizable. 

Giant Jupiter, with its rocky core, ice-mantle and deep ammonia-methane 
atmosphere, is certainly an inhospitable world, and will probably never be 
visited by Man. However, the satellites are much more promising. There 
are twelve of them altogether, but eight of these are tiny globes less than a 
hundred miles across, comparable with the dwarf attendants of Mars. 

The remaining four satellites, lo, Europa, Ganymede and Callisto, are 
planet-sized worlds, the first two about the size of our Moon and the last two 
intermediate in size between Mercury and Mars. It is therefore possible to 
make out some surface details on them, even from our distance of four hundred 
million miles or more. 

The brightest of the satellites, Ganymede, has twice the mass of the Moon, 
and a higher escape velocity (1-8 miles a second). An atmosphere might not 
be considered out of the question, therefore, particularly as a methane mantle— 
invaluable for refuelling—has been found around Saturn’s sixth satellite, Titan, 
which is not a great deal larger than Ganymede. Great attention has been 
paid to this problem by Kuiper and others, but the most recent results are 
rather discouraging. No atmosphere has been detected, and it is beginning 
to look as though Ganymede is a totally airless world. 

Callisto is a little larger than Ganymede, but strangely light for its size, 
with a mass only half that of the Moon and an escape velocity of 0-9 miles a 
second. It cannot, therefore, retain any atmosphere. In the telescope it 
often shows a curious faint violet hue, and undergoes marked changes in 
brightness. The suggestion has been made that Callisto is really nothing 
more than a gigantic ice-ball, and certainly it must be made up of materials 
very different from those of its companions. 

Large telescopes are needed to map the satellites, and only on Ganymede 
have reliable results been obtained as yet. Last year’s observations, made by 
Haas, Both, Reese, Cave and others in America and Saheki in Japan, have been 
combined into a map which is.in partial agreement with earlier charts. It 
seems that the axial rotation is the same as the period of revolution (as is the 
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Fic. 3. A rocket with ‘“‘wrap-round” boost units being launched at Aberporth. 





Fic. 4. A British Experimental Rocket 20 feet long and 17 inches in diameter. 
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case with the Moon), and that the axis is almost perpendicular to the plane of 
the orbit; the “‘poles’’ are whitish, particularly the southern one, and there is a 
dark irregular band in the equatorial region. In fact, a map of Ganymede 
bears a superficial resemblance to a map of Mars, though the dark areas are 
certainly not due to any form of vegetation! . Details on the other satellites 
are much more difficult to make out. 

Further observations are to be made during the present autumn and 
winter, and it is hoped that these will improve our knowledge of .the topography 
of Ganymede. However, its great distance makes it a very difficult object 
to study, and for a really accurate chart we shall probably have to wait -for 
the establishment of an observatory on the Moon or a satellite station, with no 
atmospheric turbulence to interfere with the seeing. Then, too, we shall be 
able to find out definitely whether Ganymede retains enough methane to make 
it useful as a refuelling base. 


ORBITAL TRANSFER VIA TANGENTIAL ELLIPSES 
By DEREK F, LAwpeEN, M.A. 


ABSTRACT 
It is shown that there is an infinity of ellipses tangential to two given coplanar elliptical 
orbits and along which transfer from one orbit to the other may take place. A method for 
calculating a transfer via any one of these ellipses and for calculating the optimum transfer 
ellipse is described. The special case of transfer between two orbits of small eccentricity 
is considered in detail. 


1. Introduction 

A previous paper! has established the conditions under which a rocket may 
be transferred from an elliptical orbit about an attracting body to another 
coplanar elliptical orbit about the same body, with the least expenditure of 
fuel. The numerical results which were obtained in certain particular cases, 
suggested that this optimum mode of transfer was closely approximated by the 
mode which proceeded via an ellipse which was tangential to both terminal 
orbits, impulses being applied at the two points of contact, in the first instance 
to effect transfer from the initial orbit into the ellipse of transfer and in the 
second instance to bring the rocket into the final orbit. It was suggested that 
this latter mode of transfer might be acceptable in practice as the solution to a 
problem of this type or alternatively it might be employed as a first approxi- 
mation to the solution of the equations determining the optimum mode, which 
could then be improved upon by use of the standard procedures of successive 
approximation adapted to the numerical solution of equations. For these 
reasons, the present paper describes a method for arriving at the optimum 
tangential ellipse of transfer between two coplanar orbits. 


2. Tangency of Ellipses with a Common Focus ° 

Employing the notation of our previous paper, let (1/u, @) be polar co- 
ordinates of a point in a plane. Then the equations of two ellipses with a 
common focus at the pole are, 
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u=p+qcos (6+ y) i “ se 
u = p’ + q' cos (@ + y’) i - ie 


where p>q >0, p'’ >q' >0. These will be referred to as the ellipses (p, 
q, y) and (p’, q’, y’). If is the semi-latus rectum of the first ellipse and e is 
its eccentricity, then 


t=1/p,e=¢/) .. at Re a (3) 


and similar equations may be written down for the second ellipse. y, y’ are the 
anti-clockwise angles between the radii to the two nearer apses and the initial 
line respectively. 

At the points of intersection (if any) of the ellipses, equations (1) and (2) 
are both true and their simultaneous solution specifies the polar co-ordinates 
(1/u, @) of these points. These solutians may be obtained geometrically as 


g ck er 


Q 


/ 





saat 


“7 
O+yY 6+Y 
O N’ NO 2 oe ee 
(i) (ii) 


Fic. 1. Geometrical determination of the points of intersection of two ellipses. 

















follows. In Fig. 1 (i) OQ =g, OQ'’=q', 2001 =60+y, VOI =6+y'. 
It follows that if @ is a solution of both the equations (1) and (2) 


NN' = ON — ON' = qcos (6+ y) —q’' cos(0@+y')=p'’—p (4) 


The triangle OQQ’ may be constructed from the given data since /QOQ’ = 
y’' — y and the sides OQ, OQ’ are known. We now imagine this triangle to be 
rotated about O, into such a position that the projection of QQ’ on the line OJ, 
viz., NN’, is equal to p’ — p. This will only be possible if QQ’ > p’ — A, 
i.e., if 

gq? + 7? — 24q' cos(y—y') > (P'— Pp? .- -- = B) 
If this condition is not satisfied the ellipses do not intersect. If QQ’ > pp’ — p, 
there are two positions of the triangle for which NN’ = ~’ — p, proving that 
the two ellipses intersect in at most two points. In the boundary case when 
OQ’ = p’ — p, so that 

q+ 9° — 24q' cos(y—y')=(p'— pF .- -- | 
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the ellipses touch at one point and the geometrical figure appears as in Fig. 1 (ii). 
Equation (6) is therefore the condition for tangency. To calculate the co- 
ordinates of the point of contact, we may argue from Fig. | (ii) thus, 


ON’? — ON? = (002 — Q'N”) — (002 — QN®) = 002 — 0@? 





=g"*—¢ (7) 
Also ON’ = NN’ — ON = (p’ — p) — ON, so that 
ON"? — ON? = (p’ — p)? — 2(p’ — p)ON .. faa 
Equations (7) and (8) yield 
20N cf (9) 
N=p'-p—4 ee olga. fg 
eas s 
and since 
u=p+qcos(@+y)=p+ON vs .. (10) 
we obtain from equations (9) and (10) 
$( Eee kes (11) 
u=%$(p+ p’) —-——_~ = a‘ 
P30 8) 


The co-ordinate @ of the point of contact now follows by substitution for « in 
equation (1). 


3. Set of Ellipses Tangential to Two Ellipses 
Given two coplanar ellipses with a focus in common, (fj, 4;, y;) and (pp, 
Je ¥2), let (p, 9, y) be a third ellipse sharing a focus with the first two and tan- 
gential to both. Then applying condition (6) we have 
qi + 9 — 299, cos(y—ys)=(Pi— PP.» —-- ~—(12) 
qa + 9 — 29q_cos (y — 2) =(P2— Pp)? -- .- (13) 
Fig. 2 may be constructed to express geometrically these conditions. 0, Q,, 
Q, are fixed points, but Q may move in their plane in such a manner that 
00, = |p: — P|, QC02= |h2 — p|. Each position of Q corresponds to a 
possible ellipse tangential to the given pair. To discover the locus of Q, we 
first observe that there are four possible cases specified by the equations 


(A) p <p Pp < be, O01 = P1 — , O02 = P2 — 
(B) p> pi P > pa O01 = P — Pr, O02 = P — ho (14) 
(C) pi <b < pe, OQ, = b — br, C02 = b2 — 
(D) p2 <p <p, QQ, = bi — P, O02 = b — bro 
If the given pair of ellipses intersect, condition (5) is applicable and hence 
|\P1 — Pol <QiQ2 In cases (C) and (D), |p, — p2| = 001 + O02 > 2102. 
It follows that these cases are ruled out under these circumstances. On the 


other hand, if the given pair do not intersect |p, — ~2| > Q,Q2 and in cases 


(A) and (B), |p; — 2] = 100; — QQ2|<,Qs- Cases (A) and (B) therefore 
apply when the given pair of ellipses intersect and cases (C) and (D) otherwise. 
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Fic. 2. Geometrica] expression of conditions for tangency. 


In cases (A) and (B), |QQ, — QQ2| =|, — p2| and hence the locus of Q is 
a hyperbola with transverse axis Q,Q, and foci at Q, and Qs. 

In cases (C) and (D), QQ, + QQ =|~, — 2] and hence the locus of Q is an 
ellipse with major axis Q,Q, and foci at Q, and Qx. 

In either case there is a singly infinite set of ellipses tangential to the given 
pair and sharing their common focus. Several interesting properties of this 
system may be deduced from a detailed consideration of Fig. 2. 


4. Formulae of Tangential Transfer 

By constructing Fig. 2 in a particular case, we may arrive geometrically 
at any number of elliptical orbits tangential to two given terminal orbits. 
There is then a requirement for a formula giving the characteristic velocity for 
a transfer via such a tangential ellipse. We obtain such a result in this section. 

Let (1/, 6) be the point of contact of the ellipses (p,, 91, y;), (p, g, y) and 
let v,, v be the respective velocities at this point of a body orbiting in these 
trajectories under a force yu? per unit mass directed towards the common 


focus. Then 
v* = p(2u — 1/a) ay ys oo 
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where a is the semi-major axis of the second ellipse. Now / = a(l — e*) and 
hence from equations (3) 
1/a = (p? — q*)/p 4 a a ae 


Substituting for 1/a from the last equation and for « from equation (11) in 
equation (15), we arrive at the result 








= _ pig? — £9;? 
ly? =p, + - ee be (17) 
4 1 Pb — P) 
Similarly we may obtain the equation 
ai , pig? — Pa 
ly? = p + ——__——— ... ae ee (18) 
eck: PilP: — P) 
We can now conclude that 
. 5. ae 2 2 t 
poly — v,|= Seon — +h] ere) 


the positive root being understood. This result may also be written in terms 
of the semi-major axis and the latus rectum of each of the ellipses, thus 


H#-1t71 1\78 
Obie dwt ae Sc ee ka ae ei = 20 
liad |v v;| kesxG -) | ( ) 


If V is the characteristic velocity for the complete transfer from the ellipse 
(Pr, %» Yi) to the ellipse (p2, 7, v2), then 


tee TO n° vi | [25 = q2° e\y 
| one 2 Mine ah 7: NO es ee eS 
. att pn — 9, ? aS bit + rt rma iar 

(21) 

22) 
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rit — 1,*7 1 I\}? pe—-ditfi ly) 
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It will generally be a requirement that V be minimized with respect to 
variation of the intermediate ellipse (p, g, y). The variables # and g in equation 
(21) are not independent, but are related by an equatidn which may be obtained 
from conditions (12) and (13) by eliminating the third variable y between them. 
Theoretically therefore we may express V as a function of p or g separately and 
then minimize by equating the appropriate derivative of V to zero. The prac- 
tical difficulties associated with this course seem to be enormous however and 
an alternative procedure has been adopted. This is to construct the diagram 
of Fig. 2 in any particular case in which we are interested and to measure off 
a number of pairs of values of and g corresponding to a number of positions 
of Q on its locus. Successivt substitution of these pairs of values in equation 
(21), enables us to compute the corresponding characteristic velocities and then 
by graphing V against / or g, we can estimate the values of these quantities 
which minimize V. In the neighbourhood of the minimum, V is evidently 
varying very slowly relative to p and g and hence it is not necessary to compute 
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the latter quantities to a high degree of accuracy in order to ascertain V min 
with reasonable precision. 

Alternatively it may be a requirement that the time of transit from one 
terminal orbit to another shal] take a certain specified value. Each pair of 
values of p and gq, calculated as described in the previous paragraph, determines 
two points of contact (1/1, 0,), (1/#,, 6.) of the intermediate ellipse with the 
terminals. , and uw, may be calculated by use of equation (11) and then 
6, + y, 6, + y may be found by setting « = u, and mu, successively in equation 
(1). Alternatively these latter angles may be measured off the diagram of 
Fig. 2. Since this diagram is built up from two diagrams of the type shown in 
Fig. 1 (ii), it will be clear by consideration of this latter figure that in Fig. 2 


(i) if QQ, = p, — p, then £000, = 6, + y, 
(ii) if QQ, = p — py, then 70QQ, = 180° — (6, + y), 
oe if QQ. = p. — p, then 7000, = 6, + y, 

iv) if QQ, = p — pz, then 70QQ, = 180° — (8, + y). 


The time 7 of transit between the two terminals is then given by the 


equation 
yiT = 2a? | tan {/e=) ) tan 4 a+} 


i et) | Ths wei ws 
— tant { /(S—*) tan ah + Shae sin +») ~ —sin (0, +7} 
(23) 





The method of derivation of this result is given in reference (2). Graphing T 


- against p or g, shows clearly the transit times available, whether the requirement 


may be satisfied by a tangential transfer orbit and if so what pairs of values of 
p and gq are appropriate. 


5. Numerical Example 


We will apply the formulae and methods described in the previous section 
to the case of two terminal ellipses specified by the equations, 


A=2.4=1Ly,=©%, 
Pr=49=Lyz = 90°... = .. (24) 


It may be verified that these orbits do not intersect, the second being totally 
enclosed by the first. The locus of Q in Fig. 2 is accordingly an ellipse. This is 
shown in Fig. 3, which has been drawn to the scale indicated. It will be ob- 
served that the elliptical locus of Q passes through O, showing that amongst the 
set of ellipses tangential to the terminals is a circle, for when Q coincides with 
O, q = 0, ie., the eccentricity of the tangential ellipse is zero. 

Sixteen points were selected in the locus of Q as indicated and the corre- 
sponding pairs of values of p and qg read from the diagram. Substitution in 
equation (21) gave the appropriate value of u-*V in each case. These values 
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are recorded in the table below and have been plotted against f in Fig. 4. 
Values of 0, + y, 0, -+ y were also measured off Fig. 3 and corresponding 
values of p#T determined from equation (23). These latter values are also 
shown in the table and have been plotted against f in Fig. 4. Finally the angles 
Y —Yp ¥ — ¥2 Were taken from Fig. 3 and entered in Table I. 














TABLE I 
aca ak) Mee q ety | A+y | a+r) WT ly—-n |ly—m 
1 | 3000 | 0-000 | 0622 | 315° | 45° | 0-302 | 315° | 225° 
2 | 3-250 0-353 0-622 | 141° | 235° | 0-341 | 128 38° 
3 | 3-500 0-735 0-623 144° | 254° 0-430 | 119 30° 
4 3-625 0-965 0-622 145° | 277° 0-512 | 112 22° 
5 | 3-705 1-220 0-618 | 145° | 325° | 0-652 100 10° 
6 3-625 1-355 0-614 142° 12° | 0-809 | 86° 356° 
7 3-500 1-395 0-612 | 140° 30° | 0-932 | 76 345° 
8 3-250 1-403 0-612 | 137° | 43° | 1-149 | 60 330° 
9 3-000 1-408 0-610 135° | 45° | 1-415 45° 315° 
10 2-750 1-403 0-606 | 138° | 43° | 1-735 | 31 300 
ll | 2-500 1-395 0-599 | 150° 40° | 2-075 14° 285 
12 2-375 1-355 0-594 | 169° | 38° | 1-906 4 274° 
13 2-295 1-220 0-610 | 215° | 935° 0-861 | 350 260° 
14 | 2-375 0-965 0-623 264° | 35° | 0-397 | 338 249 
15 | 2-500 0-735 0-623 | 286° | 36° | 0-320 | 331 241 
16 2-750 0-353 0-622 305° | 39° | 0-291 | 322 232° 











The transfer orbits 1-16 have been drawn to scale in Fig. 5. Orbit 1 is 
circular. 

Study of Fig. 4 will show that T,,,./Tmin = 7:17, indicating the range of 
times available. If V, is the characteristic velocity for minimum time of 
transfer and V, is that for maximum time of transfer, then V,/V, = 1-04, 
showing that the time of transfer is very sensitive to small changes in the 
characteristic velocity. This phenomenon has been remarked upon in another 
paper. The ratio Vnax/V min = 1-05, showing again that small increases in fuel 
expenditure only are necessary to produce large variations in the mode of 
transfer. ‘It should be pointed out, however, that changes in the characteristic 
velocity are greatly magnified when converted into mass ratios. Thus if the 
effective mass ratio necessary to complete transfer in time T,,,, is 20, that 


necessary to complete transfer in time 7), is 20% = 23-2. Whilst the 
characteristic velocity increases by. 4 per cent., the mass ratio increases by 
16 per cent. 


In the case we have been considering in this section it is found that as the 
required time of transfer is diminished, the fuel requirement increases. This 
is not to be taken as a general rule however. 

The optimum orbit of transfer is No. 12. 


6. Transfer Between Orbits of Small Eccentricity 

It is frequently required in practice to calculate the trajectory of transfer 
of a rocket between two ellipses of small eccentricity, these curves being the 
orbits of two planets of the solar system. Assuming the terminal ellipses 
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Geometrical expression of tangency conditions in numerical case. 
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Fic. 5. Sixteen tangential orbits of transfer in a numerical case. 


coplanar, the method we have developed is applicable, but inconvenient in 
that in the diagram of Fig. 2 the points O, Q, and Q, will be indistinguishable 
unless a very large scale is employed. However, in such a case we may take 
advantage of the smallness of the eccentricities and by neglecting all but first 
powers of the quantities g, and g,, obtain a complete analytical solution to 
our problem. 
If 9, = dg = 0 and p, > p, we obtain from equations (12) and (13), 

b= p= hi + be) 9 =F = Ui — fre) -- -- (25) 

If g, and g, are small, we may write 
p=fPp+%q9g=G+y .. = in? ae 


where x and y are small quantities of the same order as g, andg,. Substituting 
these expressions for and qg in equations (12) and (13) and neglecting second 
order quantities, we find that 
x + y = q; cos (y — y,) “~ = <2) 
—x+y=q,cos(y—y,_) .. «s .. | (28) 
We can now solve for x and y in terms of y, the angle parameter determining 
the particular ellipse of the infinity of ellipses, tangential to both orbits, being 
considered. As a result we obtain 
% = $9, Cos (y — y1) — $9,C0S(y— yo) -- -- — (29) 
y = 49, cos (y — y;) + 492 Cos (y — ya) -- -- (30) 
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Substituting for p and q from equations (26) in equation (21) and neglecting 
second order quantities, we find that the characteristic velocity V for the trans- 
fer is given by 


pv = Phe i bet fe ci — 25-4) 











pi sis 
+ ———_—. a pi — — p,i a ay 31 
Substituting for x and y from nia (29) and (30) yields the result 
pv =a-+ bcos (y — y,) + ¢ cos (y — y) .. (32) 
where 
a= Pt_ pt + pe paresis eh Oa 
+3 
oo a 
4pi 2 ** ** ** 
Varying y in (32), we now find that V,,i, is given by 
pV rin = @ — {b* + c* + 2be cos (y, — y2)}# -- (36) 
and V = Vi, when 
bsiny, + csiny. 
= tan ! $ “s — 
? a: tiem comers (37) 


If A= bsiny, + csiny,, B = bcos y, + ¢ cosy, y is taken 
(a) in the first quadrant if A <0, B <0, 
(b) in the second quadrant if A <0, B > 0, 
(c) in the third quadrant if A > 0, B > 0, 
(d) in the fourth quadrant if A > 0, B <0. 


Returning now to the general case when y takes any value and substituting 
in equation (11), p= $+ 4%, ~'’=~),9=9+ 9,97 = and neglecting quan- 
tities of the second order, we obtain for the value of « at the point of contact 
with the ellipse (f,, 7,, y;) of the ellipse of transfer 


w=m=Ptxet+y=h+nes(y—y -- (38) 
If @ = 6, at this point of contact, we have also that 
u, = p, + 9, cos (0, + y) -- in .- (39) 


Comparison of equations (38) and (39) shows that 6, = —y, i.e., the point of 
contact is at the nearer apse of the ellipse of transfer. Similarly, the point of 
contact (1/1, 0,) of this ellipse with the outer terminal is the further apse of 
the ellipse of transfer. 
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The time of transfer T is accordingly one half of the periodic time in the 
transfer orbit, i.e., 


’ 
wr =ad=n(— 2 ear 2. i 


Substituting for p and g from equations (26) and neglecting quantities of 
the second order, equation (40) becomes 


L LNG, , 302 — pty — (02+ 299 
TT -— eo a - 1 41 
" le: : al 4 2 balPi + ba) | (1) 


Use of equations (27) and (28) gives finally 


1 1 \§ _ 3{P1°g2 cos (y — y2) — P2*g; Cos (y—y;)} 
tT =F —_— tT ] = 42 
wT = (a +35) | 2, Pal bs + Ps) Jo 


The values of y corresponding to a maximum or a minimum time of transfer 
or to any specified time of transfer which is possible of achievement by this 
mode, are now easily calculated from this equation. 

As an example, we will consider the problem of transfer between the orbits 
of the Earth and Mars, simplifying the problem only to the extent of assuming 
their orbits coplanar and unperturbed. 

Employing the astronomical unit of length, the elements of the Earth’s 
orbit are 








Pp, = 1, gq, = 0-01677, y, = 0 Re .. (48) 
and of the orbit of Mars are 
pe, = 0-6622, g, = 0-06176, y, = 127° .. .. (44) 
From equation (25) we compute 
: > = 08311, 7 = 01689 .. a .. (45) 
and then from equations (33) to (35) we find that 
a=0-1842, b= —0-000242, c= —0-00136 .. (46) 


so that equation (32) takes the form 
p-*V = 0-1842 — 0-000242 cos y — 0-00136 cos (y — 127°) (47) 
The optimum value of y is found from equation (36) to be y = 118°. Sub- 
stituting this value in-equation (47), we obtain the result 
BV nin = 0-1830 vik ra ia: ee 
In astronomical units of length and seconds of time p = 3-96 x 10-7 and 
hence 
Vinin = 3°642 x 10-8 astro. units/sec. .. -. (49) 
Since 1 km./sec. = 6-687 x 10-* astro. units/sec., this result is equivalent to 
V min = 5°45 km. /sec. e ee ete, 


Equations (29) and (30) yield 
x = —0-0487, y= 0-0408 .. ie .. (51) 
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whence from equations (26) we find that 
p = 0-7824, g=0-2097 .. ix .. (62) 


and the orbit of transfer is now fixed. 
Equation (42) gives for the time of transfer via this optimum orbit 


ptT = 4-808, or T = 279-6 days ‘s .. (53) 
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NOTES AND NEWS 


Informal Meeting 

The view has often been expressed that, owing to the formality of the general 
meetings, members seldom have a good opportunity of getting to know each 
other—or the Council. It has therefore been decided to hold a highly informal 
meeting at the White Horse, Fetter Lane, E.C.4—already famous as a centre of 
science-fiction activity. Fetter Lane is immediately opposite Gamages, and 
links High Holborn and Fleet Street. There will be no programme and no 
time-table, apart from that set by the licensing laws. As many as possible of 
the Council will endeavour to be there from approximately 6 p.m. onwards, 
and it is hoped that all members who can do so will come along. (Potential 
members are also welcome!) It will be a unique opportunity for asking all those 
awkward questions you've never had a chance of raising . . . or bringing out 
those bright ideas which you feel might have something in them, but don’t feel 
like raising in public. 

If the meeting is a success, others will be arranged from time to time and 
announced in the Journal. Thedateofthisone? Well, it was felt that nothing 
could be more appropriate than Wednesday, November 5. 


Proposed Western Branch of the B.I.S. 

A meeting of about 28 B.I.S. members and guests in the Bristol area was held 
on September 13, 1952, at the Folk House, Deanery Road, College Green, 
Bristol, to discuss the formation of a local group. 

A Steering Committee was elected and a winter programme of meetings 
planned. These are to be held at the above address at 7.15 p.m. on October 4, 
November 8 and December 6, 1952, and on February 7, March 7 and April 4, 
1953. 

The objective of the group is to develop into a Western Branch of the B.L.S., 
and all members in the area are invited to attend the meetings. 

The Secretary of the group is Mr. P. W. Stone, 18, Elms Park, Filton, 
Bristol, to whom further enquiries should be directed. 
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Informal Yorkshire Group of the B.I.S. 

A meeting was held on September 6, 1952, in the Leeds College of Tech- 
nology to determine the probable support for a Yorkshire Branch of the B.I.S. 

About 15 members were present and decided to form a group on an informal 
basis with the expectation of applying to the Council for recognition as a 
Branch in due course. 

A further meeting is to be held on Saturday, November 8, 1952, at the Leeds 
College of Technology (Room C4), when Mr. A.Clementson of Hull will givea paper. 

For further details apply to Mr. M. S. Wright, 39, Watson Road, Rotherham, 
Yorks. 


Interplanetary Question 

A very interesting sign of the growth of interest in interplanetary travel is 
provided by the following question, which was set at the B.Sc. Special 
Examination in Physics of London University, in 1951:— 

“A particle is projected from a point at a certain distance from a fixed 
point at which a mass, attracting according to the inverse square law, is 
situated. Determine the conditions under which the particle wiil describe 
an ellipse, hyperbola, or parabola. 

Of what importance are these conditions in relation to the possibility of 
setting up stations in the space about the Earth as possible landing stages 
for interplanetary travel?” 

Any B.I.S. members taking the examination were probably off toa flying start! 


Astronautics Role of Honour 
The July, 1952, issue of the G.f. W.’s Mittetlungen contains the following item :— 
“L. J. Carter, in view of his services in building up the B.I.S. and con- 
ducting its business for seven years, and for his services at the Second 
International Congress of Astronautics, has been entered in the Ehrenbuch 
der Astronautik.”’ 


From the World’s Press 

Following the now famous Life article on April 7, Look for June 17 and 
Life’s sister-journal, Time, for June 9, discussed at some length the theories 
about flying saucers of Dr. Donald H. Menzel, a professor of astrophysics at 
Harvard University. According to these, those of the mysterious discs which 
are not the result of mistaken identification of aircraft, balloons, etc., or 
hysteria, or just plain hoaxes, can be explained away as “flying mirages’’— 
images of the Sun or of the lights of cities or automobiles produced by optical 
effects of refraction dependent on the existence of different layers of cool and 
warm air in the atmosphere. Dr. Menzel has reproduced such effects very 
convincingly in his laboratory. 

In spite of this plausible explanation, reports of saucer sightings continue 
to fill the world’s press, and interest in thern seems unabated. Even Look 
for July 1 (apparently unwilling to kill the journalistic goose that lays the 
golden eggs it had cracked in its previous issue) carried an article about the 
U.S. Air Force’s eternal vigilance in the watch for flying saucers. . . . Some 
saucers flew near Washington, however, and none of the U.S.A.F. jet pursuit 
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ships pursued them: ‘“Why not?” cried the outraged American press—‘‘Where 
were our pilots?” The irrepressible Chapman Pincher inevitably climbed on 
the bandwagon with a centre-page spread in London’s Daily Express on July 2. 

However, our Sunday Graphic printed the best story yet on July 6; Oskar 
Linke, an ex-Mayor of the Soviet Zone, had been escaping to Western Germany 
with his young daughter when they saw a flying saucer take-off from a forest 
clearing 4 miles the wrong side of the border. . . . Interviewed about this, 
George Edwards (Chief Designer of Vickers) is reported as saying it might 
have been a Russian direct-lift aircraft, of novel design and using jet power 
plants; he sensibly added that he wanted to be shown one himself before 
believing in its actual existence. Our own Ken Gatland kept the interplanetary 
flag flying by claiming that, if such craft were real, they must come from another 
world. At least this account helped to break the American near-monopoly 
in saucers; so also did a sighting of some highly-manoeuvrable luminous balls 
at Hallingdal, Norway, of which a Norwegian Interplanetary Society member 
(Johan Nicoll) sent us an account last June. 


* * * * 


In its four issues for July 5, 12, 19 and 26, the British magazine ///lustrated 
ran an excellent series of articles on space flight, written by our Chairman, 
Arthur C. Clarke, and illustrated by paintings and drawings by Bonestell and 
other artists, reproduced from the recent Collier’s feature, the author’s book 
Exploration of Space, and the Ley—Bonestell book Conquest of Space. How 
much better this series was than some other recent efforts in popular magazines 
which we could mention—however, no names, no pack-drill! 

As usual with popular features on astronautics, one of the most interesting 
aspects was the correspondence which followed. One reader thought space 
flight would be to the second Elizabethan age of Britain what the great sea 
voyages were to the first, but others were less charitable (dare we also say, 
more lacking in faith, courage, curiosity, enterprise and vision?). ‘“‘Children 
and adults are being taught to want to escape from the more important problems 
of our (decaying) civilization . . . space conquest has become a sop for men’s 
discontented minds . . .” wrote John Walker of Notts., while P. Weston 
Edwards, B.A., of York, vented his indignation in print thus: “How idiotic 
that human beings, after making a pretty poor job of running their own planet, 
should think of chasing through space after others! . . . The thing can be done,” 
he says, “‘so it should be done. It doesn’t follow; it isn’t an argument.”” But 
it does, and it is, Mr. Edwards—given a few other important considerations 
which you missed in the articles, and to (perhaps) a different type of mind 


from yours. 
* * * * 


Aviation Week for May 19 reports James H. Wyld (pioneer of the A.R.S. 
and the regeneratively-cooled motor, and one of the founders of Reaction 
Motors) as favouring what he calls a ‘““Model T space ship,”’ rather than the 
more grandiose conceptions recently publicized (e.g., by von Braun in Collier’s). 
Wyld proposes a three-step, 12-7 ton, ship, capable of carrying two men on a 
satellite orbital flight for a couple of days or so. It would be slightly larger 
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than a V.2, use petrol and liquid oxygen as propellants, and apparently employ 
some sort of expendable construction—since the empty weight is given as 
1-4 tons, “or 0-5 tons after jettisoning its tanks, etc.’’ _Wyld was quoted as 
saying: “Columbus didn’t wait for the Queen Elizabeth before crossing the 
Atlantic,” and Aviation Week's editorial comment was: “Sounds like the 
opening gun in the battle between the proponents of ‘grand-scale’ projects 

. and the ‘first-things-first’ school . . . it underscores the fact that the 
field of space travel has not yet fallen into a single groove of patterned thinking.” 
(The same issue, incidentally, carried a very interesting article on Bridgeman’s 
flights with the Douglas ‘‘Skyrocket,”’ now revealed to have reached 1,238 m.p.h. 
and 79,494 ft. Aviation Week currently takes quite an interest in rocketry; 
they ran a very good article on astronautics by Fred Durant in their May 26 
issue.) 

* * * * 

Further to the previous item, we ourselves would like to come down heavily 
on the side of the “‘first-things-first” school. . . . However, we also suspect 
that even von Braun, for all his ambitious propaganda, would be the first to 
want to begin in a more modest way, if only someone would give him the backing 
actually to start a space flight project in practice. (We fervently wish that 
someone would; he’s just the man to do the job!) 

The American Magazine, by the way, in its issue of July, carried a very 
interesting article by and about von Braun, entitled ‘““Why I Chose America.” 
(It is interesting to speculate on the consequences if he had chosen Russia. . . .) 
While this added little to previously-published data on the career of this 
remarkable and still-young man, it was valuable as first-hand information. 

Repercussions from von Braun’s Collier’s feature of March 22 continue, 
in the form of reprints, comments and follow-up articles in papers all over the 
world. The London Daily Telegraph of May 10 printed an article by von 
Braun himself, and (coincidentally) on the same day there were some interesting 
comments on some of his views made in Eric Nicol’s column in the Canadian 
Winnipeg Tribune. Nicol wrote:— 

“Collier’s has, what, a million readers? Two million? Anyhow, 
several more than I have. A lot of them are going to be susceptible enough 
to swallow unchewed your editorial of wargadget-mongering in the name of 
peace. That’s bad. . . . It is grotesque foolishness of the most dangerous 
sort to suggest that a space station riding herd on the world with a load 
of atomic bombs would guarantee world peace. . . . The space-dunking 
doughnut envisioned by Dr. Braun would be a guarantee of world violence. 
As an instrument of policy it would mean that might was right because 
so was Uncle Sam. Always. And as an instrument for peace it would 
be as ineffectual as exclusive possession of the atomic bomb was to the 
U.S.—breeding nothing but fear and the determination to have the same 


weapon.” 
* * * * 


One hardly expects to find jokes about rocketry in The World Christian 
Digest, but in their May issue (after an explanation—very necessary to this 
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column—that a Bishop’s rochet was a sort of surplice) we found the following 
quotation from The Derby Diocesan Notes: “‘The Bishop-elect, wearing a white 
rocket, was taken to a seat just below the pulpit.” The comment followed: 
“The highlight of the service came, no doubt, when the head Verger touched 
his lordship off with a lighted taper. Presumably, the rocket carried him to 
the top of the dome where the Bishop burst into a brilliant cascade of coloured 
balls. This is what is called brightening up the Church. Well, it is high 
time someone introduced a few fireworks into the thing.’”” Who—us?! Why, 
we didn’t say a word! 


Additions to Lending Library 
The following books have been added to the Society’s Lending Library and 
are available to Fellows (resident in Great Britain) holding library tickets. 
Raumfahrt-F orschung, by H. Gartmann (1952). 
Development of the Guided Missile, by K. W. Gatland (1952). 
Out of the Sky, by H. H. Nininger (1952). 
Raketenantriebe, by J. Stemmer (1952). 


ABSTRACTS 
Edited by J. HuMPHRIES 


Abbreviations of titles of journals were given in the May, 1950, issue of the 
Journal, and addenda have appeared in subsequent issues. The following is a 
further addendum to the list :— 


Amer. Soc. Met. Prepr. American Society for Metals Preprint. 

Int. Ass. Terr. Magn. Atmos. Elect. International Association of Terrestrial Magnetism 
Bull. and Atmospheric Electricity Bulletin. 

J. Brit. Astr. Ass. Journal of the British Astronomical Association. 

West. Aviation. Western Aviation. 

Z. angew. Math. Phys. Zeitschrift fiir angewandte Mathematik und 

Physik. 
Z. Elektrochem. Zeitschrift fiir Elektrochemie. 


Many of the articles noted are available on loan to members resident in the 
British Isles. Requests should be addressed to J. Humphries, 97, Churchill 
Avenue, Southcourt, Aylesbury, Bucks. 


AERODYNAMICS 
(313) An analysis of supersonic aerodynamic heating with continuous fluid 
injection. E. B. KLtunKER and H. R. Ivey. N.A.C.A. Tech. Rep. 990. 
Injection of fluid through a porous surface reduces heat conduction to the surface, 
also the fluid absorbs heat. Results of calculations given for flat plates at Mach numbers 
from 5 to 15 and altitudes from sea-level to 200,000 ft. 


AIRCRAFT 
(314) The turbo-jet, ram-jet and rocket air force of the future. N. MACMILLAN, 
Aeronautics, 27, 24-31 (Aug., 1952). 
Comparison of the three methods of propulsion from an operational point of view. 


ASTRONAUTICS 


(315) What will space-flight cost? E. SANGER. Weltraumfahrt, (3), 49-55 (June, 
1951). (InGerman.) [Also published as What will space-flight require ? Rocketscience, 
5, 26-32 (June, 1951).}. 
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Reviews the requirements of the various projects—antipodal bomber, earth satellite 
station, moon rocket, etc., in terms of starting weight and cost versus exhaust velocity. An 
unmanned moon rocket with a payload of 0-1 ton using an exhaust velocity of about 
3-5 km./sec. would cost about $7 x 10® and a manned space station $7 x 10°. 

(316) Artificial satellites explained. V. A. Firsorr. Flight, 60, 504-506 (19th 
Oct., 1951). 

ASTRONOMY 

(317) Molecules of gas and grains of dust in interstellar space. C. 5. BEALS. 
J. Roy. Astr. Soc. Canad., 46, 41-56 (March-April, 1952). 

Reviews the present state of knowledge, including the origin of interstellar matter, its 
motion and polarisation of stellar light (31 refs.). 

(318) A size classification of meteoritic material encountered by the Earth. 
P. M. Mititman. J. Roy. Astr. Soc. Canad., 46, 79-82 (March-April, 1952). 

Reviews earlier work and gives table of sizes and daily accretion of mass—which may 
be up to 10,000 tons. (15 refs.) 

(319) The surface of Ganymede. T. E. Howe. Sirolling Astronomer, 6, 80 
(June, 1952). 

Charts of surface features compiled by Howe, Danjon, Lyot, Reese e¢ al. These do not 
agree satisfactorily and are discussed in the paper. 

(320) Large radio telescope. /. Brit. Astr. Ass., 62, 241 (July, 1952). 

Brief description of the telescope to be installed at Jodrell Bank, Manchester, and to 
be used for lunar and planetary research. 


ATMOSPHERE 
(321) The upper atmosphere. R. A. BouTet. Office Nationale d'Etude et de 
Recherche Aéronautique Pub. No. 38, 121 pp. (1950). (In French.) 
(322) The use of rockets in upper atmosphere research. J. A. VAN ALLEN. 
Int. Ass. Terr. Magn. Atmos. Elect. Buil., (13), 531-536 (1950). 


BIOLOGY AND MEDICINE 

(323) Possible methods for producing the gravity-free state for medical 
research. F. HABER and H. HaBer. /j. Aviation Medicine, 21, 395 (1950). 

(324) The possibility of biological effects of cosmic rays in high altitudes, 
stratosphere and space. A. T. Kress. U.S.A. Medical Dept. Field Research Lab. 
Proj. No. 6-64-12-08-(7), 21 pp. (April, 1950). 

(325) Space-flight and its connections with human physiology. E. EscancLon 
Astronomie, 64, 279-287 (July-Aug., 1950). (In French.) 


CHEMISTRY 
(326). Combustion of liquid mixtures with tetranitromethane as the oxygen 
carrier. H. BEHRENS. Z. Elektrochem., 55, 425-428 (1951). (Jn German.) 
(327) Heat of dissociation of fluorine. R. N. DorscuEer. J. Chem. Phys., 20, 
330-334 (Feb., 1952). 
Description of equipment and discussion of results. Mean heat of dissociation for the 
reaction F,(g) — 2F (g) in the range 759° to 1115° K is given as 37-7 kcal./mole. 


MATERIALS 
(328) Effect of high heating rate on some elevated temperature tensile 
properties of metals. W. K. Smitu, C. C. WooLtsEy and W. O. WETMORE. Amer. Soc. 
Met. Prepr. No. 27, 16 pp. (1951). 
Various steels and aluminium alloys were subjected to a constant load and heated at 
rates of 55-5-1930° C/sec. until rupture. Apparatus described and results given. 


PHYSICS 
(329) An experimental investigation of protection achieved by sweat cooling 
on porous surfaces adjacent to non-porous surfaces. E. DUNCOMBE. Canad. Nat. 
Res. Labs., Div. Mech. Engng. Rept. MT-20, 54 pp. (22nd Jan., 1951). 
(330) Material transfer in a turbulent flame. V. J. Berry, D. M. Mason and 
B. H. SaGe. Galcit ].P.L. Progress Rept. 20-148, 36 pp. (4th Aug., 1951). 
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(331) A sonic-flow pyrometer for measuring gas temperatures. G. T. LaALos. 
J. Res. Nat. Bur. Stand., Wash., 47, 179-190 (Sept., 1951). 

(332) Comment on “Heat flow in composite slabs” by E. Mayer. J. Lore. 
J. Amer. Rocket Soc., 22, 215, 222 (July-Aug., 1952). 

Comment on paper published in J. Amer. Rocket Soc., 22, 150-158 (May-June, 1952). 
[See abs. no..292, /.B.J.S., 11 (July, 1952).) 


PROJECTILES 

(333) Too soon for guided missiles. HaGGrerty. Amer. Aviation, 25 (Sept., 
1951). 

(334) Supersonic rocket missiles tested at secret station. N. McLarRReEn. 
Autom. Ind., 105, 34 (lst Sept., 1951). 

(335) Guided missiles in sea warfare. Engineer, 192, 343 (14th Sept., 1951). 

(336) Missiles’ future stirs Congress. Aviation Wk., 55 (14), 14-15 (lst Oct., 1951). 

(337) On the calculation of groups of trajectories of remote controlled rockets. 
E. RotH-DESMEULES. Z. angew. Math. Phys., 2, 487-489 (Nov., 1951). (Jn German.) 

Method for computing the trajectory of a beam rider anti-aircraft rocket, considering 
only special case of aircraft flying directly over target at constant altitude and speed. 

(338) Rocket flight. S. F.SinGER. Canadian Aviation, 25, 32-33, 72, 74, 76-78, 80 
(May, 1952). [Based on ‘‘Research in the upper atmosphere with sounding rockets and 
earth satellite vehicles.” ].B.J.S., 11, 61-73 (March, 1952).) 

(339) Determination of the minimum take-off weight of large rockets. H. H. 


KoELLE. Rocketscience, 6, 31-40 (June, 1952). 
Method of calculation taking into account structural factors, propellant performance 
and density. Applicable to multi-stage rockets. Several examples given. 


(340) Optimum burning program for horizontal flight. A.R.Hisss. /. Amer. 
Rocket Soc., 22, 204-212 (July-Aug., 1952). 

The case of a missile which is to attain either the maximum total range or the maximum 
velocity at a given range is formulated as a problem in variational calculus. This gives 
only a partial solution on the basis of which a complete solution is postulated and justified. 
Comparison with a constant burning-rate programme shows its advantages. 

(341) A method for comparing the performance of power plants for vertical 
flight. H.S.Tsten. J. Amer. Rocket Soc., 22, 200-203, 212 (jJuly-Aug., 1952). 

A new method which can be used to determine whether the performance of a vertical 
missile design can be improved by using another type of engine, e.g. ram-jét. 

(342) Automatic navigation of a long-range rocket vehicle. H. S. TsIEn, 
T. C. ADAMson and E. L. Knutn. J. Amer. Rocket Soc., 22, 192-199 (July-Aug., 1952). 

Flight in the equatorial plane of a rotating earth is considered with possible atmospheric 
disturbances due to changes in air density and temperature and wind speed. Paper gives 
conditions for proper cut-off time and elevator corrections. A scheme of tracking and 
automatic navigation involving a high-speed computer and elevator servo is suggested 
for this purpose. 

(343) British guided missiles. Engng., 174, 137 (lst Aug., 1952). 

Press release on Minister of Supply’s visit to Aberporth. 


RADIO AND ELECTRONICS 


(344) The matrix telemetering system. J.T. MENGEL, N. R. Best, D. G. Mazar 
and K. M. Uctow. Upper Atmosphere Res. Rept X, U.S.N. Res. Lab., Washington, Rept 


3535, 87 pp. (19th Sept., 1951). 


ROCKET MOTORS 

(345) Theory of emission-propulsion accomplished without atmospheric 
oxygen. W.E. Daus. Tecnica y Economia, (2), 27-32 (Dec., 1949). (In Spanish.) 

(346) C-W rocket engines first with throttle. Amer. Aviation, 15 (9th July, 1950). 

(347) Forty-five million man hours in rocket firing. West. Aviation, 31, 20 
(July, 1951). 

(348) Central instrumentation widens testing scope. F. Friswoip. Prod. 
Engng, 22, 168-171 (Aug., 1951). 
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(349) Note on the application of near-frozen flow criteria for one-dimensional 
non-viscous expansion through a Level (sic) nozzle. S. S. PENNER. /]. Chem. 
Phys., 20, 341 (Feb., 1952). 

Addendum to ‘‘Thermodynamics and chemical kinetics of one-dimensional non-viscous 
flow through a Laval nozzle.’’” S. S. PENNER. J. Chem. Phys., 19, 877-881 (July, 1951). 
[See abs. no. 95, J.B.J.S., 11, 52 (Jan., 1952).} 

(350) Errors in rocket development. Pt. 2. H.OBERTH. Rocketscience, 6, 26-30 
(June, 1952). 

Discusses control of propellant flow and pump and gas pressurising systems. 


(351) The effect of variable propellant density on rocket performance. H. S. 
SEIFERT. J. Amer. Rocket Soc., 22, 213-215 (July-Aug., 1952). 

Shows that for a vehicle with a very high structure weight the substitution of a high 
density inert fluid for some of the propellant could give an improved performance but 
questions its practicability. 

ROCKET PROPELLANTS 
(See also Abs. no. 326) 


(352) Calculated data for the combustion with liquid oxygen of water-diluted 
alcohols and paraffin in rocket motors. I. C. HutcHEON and S. W. GREEN. A.R.C. 
R. & M. No. 2572 (Oct., 1947). 

Flame compositions, combustion temperatures and specific impulses for liquid oxygen 
with water-diluted methyl and ethyl alcohols and aviation turbine paraffin. Calculations 
confined to mixtures with a fuel excess giving temperatures below 2700° K. Expansion 
ratio of 20: 1 used. 


(353) High temperature propellant reactions. F.E.OsBorne. Aircraft Engng., 
24, 134-137 (May, 1952). 

Summary of a simple method of determining the amounts of the various gaseous 
products of any reaction involving the elements C, H, O and N when in chemical 
equilibrium. Also method of determining specific thermodynamic state functions of the 
resultant gas mixture. 


CORRESPONDENCE 


The Design of Rocket Motors 
SIR, 

In his paper The Design of Rocket Motors, which appeared in the May number 
of the Journal of the British Interplanetary Society, Mr. D. Hurden mentioned 
briefly a method of computing the heat exchange between the combustion gases 
and the cooled walls of a rocket motor. He quoted the conventional relation- 
ship for forced-flow convection: Nu = const. Re™. Pr", which is recommended 
for assessing the heat flow densities in the combustion chamber and in the 
expansion nozzle. 

This rather over-simplified treatment of one of the major problems in rocket 
engineering, which has considerably hampered development in past and present 
times, may give the reader unfamiliar with such details a wrong picture of the 
difficulties presented by the complexity of the various heat exchange processes. 

Heat transfer in a rocket motor, particularly in the combustion chamber, is 
not only by convection, but also to an appreciable extent by radiation. While 
its percentage contribution to the total heat flow density is rather small in the 
areas of the highest mass flow densities (at and around the throat of the 
expansion nozzle), it can assume values in the actual combustion chamber 
which no longer can be neglected without seriously underestimating the actual 
conditions. 
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Even more serious errors can occur, as far as convective heat transfer is 
concerned, when the above-mentioned correlation is used to determine the heat 
flow densities in an expansion nozzle with the temperature difference between 
the expanding gas and the wall as driving thermal potential. Although the 
average gas temperature falls with increasing gas velocities, the decisive 
temperature gradient for the heat exchange remains practically constant. This 
is a result of the heating of the boundary layer by the frictional heat to within 
a few per cent. of the temperature at the beginning of the expansion. The 
temperature difference between wall and fluid has therefore to be based on the 
gas temperature at the entry to the expansion nozzle which, with sufficient 
accuracy, can be set equal to the flame temperature in the combustion space for 
the whole length of the expansion nozzle. 

In Fig. 9 of the above paper the curves for the outer wall temperature fall 
slightly with increasing wall thickness. Could Mr. Hurden explain the physical 
significance of this trend? 

Yours truly, 
H. ZIEBLAND. 
Waltham Abbey, Essex. 


(Acknowledgment is made to the Chief Scientist, Ministry of Supply, for 
permission to reproduce the above letter —ED.) 


Interstellar Flight 
SIR, 

Having just read Dr. L. R. Shepherd’s very interesting paper in the July 
Journal, it occurs to me that one part of his analysis is unsound. He concludes, 
after applying the classical Lorentz formulae, that special relativity favours the 
interstellar traveller and remarks (p. 157) that if this traveller, whom he calls X, 
were to travel with speeds near enough to the velocity of light, he would achieve 
what one might call one-way time travel and, after a round trip lasting a 
comparatively short time, return to find his contemporaries in their dotage. 

The difficulty seems to be this: it is implicit, in the derivation of the 
Lorentz formulae, that the two observers, X in the rocket and Y on Earth, say, 
stand in symmetrical relationship to one another, i.e. that they are equivalent, 
and consequently there is no reason why X, during his unaccelerated flight, 
should not regard himseif at rest and the earthbound Y as the traveller, in 
which case Dr. Shepherd’s analysis, now applied to Y, will produce a contradic- 
tion. This is, of course, the famous “clock-paradox”’ first published by Einstein 
in 1905. 

A simple resolution of this paradox is to be found in the paper by E. A. Milne 
and Y. J. Whitrow (Phil. Mag. XL, 1949, p. 1244), and I shall attempt to apply 
their argument to Dr. Shepherd's case. 

Let ¢ be the epoch of an event E such that if ¢, >¢,, then E, occurred after E,, 
and ¢, = ¢, implies that the events £, and E, are simultaneous. 

Suppose a signal leaves Y at epoch ¢ according to Y’s clock and reaches X 
at # on X’s clock, then a relation exists between ¢ and #, 


ie. # = Olt). 
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Since X and Y are supposed equivalent we have, also, 
t = O(). 

If the signal from Y is reflected at once at X, it arrives back at Y at the 
epoch @(¢!) = 00(t) on Y’s clock. 

If there is an epoch, ¢), at which X and Y coincide it will satisfy 

OO(t,) = ty is as ik ae 

Whitrow has shown that @ is a monotonically increasing function, hence if 
O(t,) >to, then OA(t,) >O(t,) >to. 

Similarly if O(t,)<to, then 00(t,)< O(t,)<t and since both these inequalities 


contradict (1) it follows that 
aaa $2350 ee et Ce 


That is, at any coincidence of X and Y their clocks will agree. 

However, suppose X makes a landing on a distant star system at t’, on his 
own clock and suppose a signal from Y, which left Y at ¢, on Y’s clock, arrived 
at the same epoch, then #, = @(¢,). If this is immediately reflected, it arrives 
back at Y at O(#,) = 06(t,) = t,, say, according to Y. 

Since X and Y are not coincident it follows that 00(t,) >t, and by the same 
argument as above it follows that 6(¢,)>¢,, which leads in turn to 00(t,) >6(¢,) 

or t,>?4. 

Thus, according to Y the outward journey took longer than it did on X’s 
reckoning. On the other hand, if X took off from the distant system at /, in 
his own reckoning at the moment of arrival of a signal which left Y at ¢, on Y’s 
clock we have as before 

fH, = O(t,). 

If this signal is also reflected immediately at X it arrives back at Y at epoch 
t, = 0(2,) = 00(t,) in Y’s reckoning and again 

00(t,) >t, so that 00(¢,)>O(t,) by the same reasoning as before. That is 

t>l>p 
so that the time of start was later in Y’s reckoning than in X’s. But by (2) 
when X and Y meet their clocks agree, hence the homeward journey took less 
time in Y’s reckoning than in X’s. 

Thus, to sum up, although X and Y will not agree as to the precise landing 
and take-off times, they will agree on the duration of the round trip. 

I fear this has been rather lengthy, but it seemed an interesting point. 

R. H. C. NEWTON. 


Harrow Weald, Middx. 


Dr. Shepherd replies :— 

The so-called “clock paradox’’ to which Mr. Newton has drawn attention 
is no paradox at all. The arguments of Milne and Whitrow are based upon an 
assumption of symmetry between the “‘fixed’” and “‘moving’”’ observers. Such an 
assumption, as we shall show here, is false. In other words, taking Y and X to be 
respectively the fixed and moving observers, Y’s description of X's motion is quite 
different from X's description of Y’s motion, the only common factor being the 
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relative velocity v. The arguments which we shall set out to support this contention 
are substantially the same as those put forward by McCrea 

Let us first consider Y's description of X. For the sake of simplification, we will 
assume that periods of acceleration, retardation and sojourn at the destination are 
much less than the transit times and may be neglected in comparison. According 
to Y, X moves away, with velocity v to a distance s and then returns with the same 
speed, taking a total time 2s/v. The assumption of symmetry would mean that X 
should see Y move out to a distance —s with the constant velocity —v. This is not 
the case, however, for according to X, the space in which Y is at rest is foreshortened 
along the axis of X’s motion, so that the distance which Y regards as being s 
is only ys in X’s estimation (where y = V(1 — v2/c?) and quite naturally he 
measures a time 2ys/v for the outward and return “journeys” of Y. 

It will be observed that the time dilation effect has not been invoked in this 
argument. Nevertheless, it is pertinent to ask what has happened to Y's clocks, 
which according to X should have been slowed down relative to his own, whereas 
on his return he finds they have in fact advanced by an amount 2(1 — y)s/v. The 
answer to this question lies in the acceleration and retardation process which takes 
place at X’s destination. McCrea points out that when X comes to rest at his 
destination, Y appears to jump from a distance ys to s and then back from s to ys, 
when he (X) accelerates to v on the return journey. It ts during these jumps, which 
cannot be described in the special relativity theory, that X “observes’’ Y’s time 
measurement to overtake and pass his own. The exact analysis of this situation 
requires the application of the general theory of relativity, since it involves the 
behaviour of clocks in a gravitational field. Tolman®* points out that if X regards 
himself as being at rest then he must consider Y to be acted upon by a gravitational 
field, during periods of acceleration. The result is that, during the turn round at 
the destination, Y’s clocks appear to run fast by an amount depending upon the 
acceleration and the distance separating X and Y. Tolman shows to a first approxi- 
mation, that the net advance in Y’s time recording is sufficient to account for the 
final difference between the time 2s/v recorded by Y and 2ys/v recorded by X. 

I trust that these arguments will be sufficient to satisfy Mr. Newton that X does 
in fact enjoy a temporal advantage over Y. 

REFERENCES 
(1) W. M. McCrea, Letter to Nature (London), 167, 680 (28th April, 1951). 
(2) R.C. Tolman, Relativity, Thermodynamics and Cosmology, 194 (Oxford, 1934). 





ACROSS THE SPACE FRONTIER 
Edited by Cornelius Ryan, illustrated by Chesley Bonestell. 
A preview of the conquest of Space by eminent scientists, including Dr. von Braun, 
Willy Ley, Dr. Whipple, etc., 25/9 post free. 
Also in stock (posted by return) the books of Arthur C. Clarke—Sands of Mars (10/10 
post free), Islands in the Sky, (8/10 post free), Exploration of Space (13/- post free) and 
Interplanetary Flight (9/10 post free). 
These, and any other books on Astronautics can be obtained from: 
CARTER & WHEELER, Ltd. 
General, Technical & Educational Booksellers, 
2, Ivy Parade, High Street, Slough. 
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LARGE APERTURE ASTRONOMICAL TELESCOPES 


We are pleased to announce that the new ‘“‘Astrominor” 5-7” aperture astronomical 
Newtonian Reflecting Telescopes are now available. 
These are equatorially mounted telescopes, with Aluminised mirrors, and range from 
the simple mounted telescope at £41.0.0 to the fully equipped “‘Major’’ model, complete 
with driving clock, setting circles, slow-motion controls, finder, and numerous other 
important refinements, at £82.5.0. 
Please send a stamped addressed envelope for lists covering these and other interesting 
products, to:— 

LEE TAYLOR 

119) WITHINGTON ROAD, 
WHALLEY RANGE, MANCHESTER, 16. 








H. K. LEWIS & Co. Ltd. 


Scientific and Technical Booksellers 
A SELECTION OF BOOKS ON ASTRONAUTICS, ASTRONOMY AND 
METEOROLOGY ALWAYS AVAILABLE 
LENDING LIBRARY — SCIENTIFIC AND TECHNICAL 
Annual Subscription from TWENTY-FIVE SHILLINGS 


THE LIBRARY CATALOGUE revised to December, 1949, ining a ¢ ified 
Index of Authors and Subjects recently published 
To weeey 17s. 6d. net. To non-subscribers 35s. net, postage Is. Bi-monthly List of New Books 
d New Editions added to the Library, sent post free to all subscribers regularly 


H. K. LEWIS & Co. Ltd., 136 Gower Street, London, W.C,I 


Telephone: EUSton 4282 

















CHAPMAN & HALL 


have pleasure in announcing the publication of 


ROCKET PROPULSION 


(with an Introduction to the Idea of Interplanetary Travel) 


By 
ERIC BURGESS 


N.W. Branch Secretary, B.I.S. 


232 pages 21s. net 16 plates 
Obtainable at all Booksellers 


37 ESSEX STREET, STRAND, LONDON, W.C.2. 
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SEVENTH ANNUAL GENERAL MEETING 
NOTICE IS HEREBY GIVEN that the SEVENTH ANNUAL GENERAL 
MEETING of the BRITISH INTERPLANETARY SOCIETY will be held in 
the Kent Room, Caxton Hall, Caxton Street, London, $.W.1, on Friday, 
the 5th day of December, 1952, at 6 o'clock in the evening precisely, for 
the transaction of the business specified in the Agenda below. 


AGENDA 

1. To hear the Chairman’s speech. 

2. To receive the annual statement of accounts and balance sheet and the 
auditor’s report thereon. 

3. To consider and, if thought fit, to pass as a SPECIAL RESOLUTION, 
“That Article 50 be amended to read as follows:— 

‘The Council shall cause Minutes to be made in books provided for the 
purpose— 
(a) Of all appointments of officers. 
(b) Ofallresolutions and proceedings at all Meetings of the Society.” 
The effect of this resolution will be that the provisions requiring members 
to sign an attendance book when present at meetings will be cancelled. 

4. To elect four Members of the Council of the Society. In accordance with 
the provisions of Article 15, the following existing Members of the Council 
will retire at that meeting and, with the exception of Mr. Cleaver and 
Mr. Gillings, offer themselves for re-election: 


A. V. Cleaver. W. H. Gillings. 
K. W. Gatland. G. V. E. Thompson. 
The following additional names have also been nominated :-— 
D. J. Cashmore Fellow. D. F. Lawden Fellow. 
A. E. Dixon Member. P. A. Moore Fellow. 
J. Foley Fellow. A. C. Rotherham Member. 


Since the number of nominations exceeds the number of vacancies, election 
will be by postal ballot. The necessary ballot papers are enclosed with 
this agenda. 
5. General discussion of the affairs of the Society during the past year. 
6. Any other business. 
By order of the Council, 
L. J. CARTER, 
Secretary. 
A member who cannot be personally present at the meeting may appoint by proxy some other person (who must be a 


poopy the Society) to attend and vote on his behalf, subject, however, to the limitation that a proxy cannot vote except 
ona , 
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ADDRESSES DELIVERED TO THE LONDON 
MEETINGS OF THE SOCIETY DURING THE 
SESSION 1951-1952 


Saturday, 6th October, 1951 

“Summary of Technical Papers delivered at the Second International 
Congress on Astronautics.” 

This meeting was arranged for the benefit of those who were unable to 
attend the technical sessions of the Congress _ The original papers were 
published in the November, 1951 Journal and in the booklet The Artificial 
Satellite. 

101 members and visitors were present. 


Saturday, 10th November, 1951 

“High Altitude Rocket Research,” by Dr. S. F. Singer. 

This was a summary of work done, mostly by the Applied Physics Laboratory, 
Johns Hopkins University, in investigating the upper atmosphere by 
rockets. It was printed in the March, 1952 Journal. 

167 members and visitors were present. 





Saturday, Ist December, 1951 

“What We Know About the Moon,” by P. A. Moore, F.R.A.S. 

A talk about methods of lunar observation, current theories, and the 
evidence that the Moon is not necessarily dead or changeless. It was 
printed in the January, 1952 Journal. 

148 members and visitors were present. 


Saturday, 5th January, 1952 

“Interplanetary Orbits,” by J. G. Porter, Ph.D., F.R.A.S. 

A discussion of the motion of spaceships, particularly in the Earth-Moon 
system, and the perturbations produced by other bodies. It was printed 
in the September, 1952, Journal. 

170 members and visitors were present. 


Saturday, 2nd February, 1952 

“Interstellar Flight,” by L. R. Shepherd, Ph.D. 

A consideration of some of the problems involved in travel to other planetary 
systems, including Relativity effects. It was printed in the July, 1952 
Journal. 

182 members and visitors were present. 


Saturday, Ist March, 1952 

“The Handling of Rocket Propellants,” by Dr. W. R. Maxwell. 

This lecture-demonstration (which was given in one of the chemistry 
theatres of the Regent Street Polytechnic) gave numerous practical 
examples of the properties of liquid and solid propellants. It was neces- 
sary to give the demonstration twice owing to the number of members 
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who wished to attend. The lecture was reported in the September, 
1952 Journal. 
A total of 155 members and visitors attended. 


Saturday, 5th April, 1952 
“Astraglossa: The Problem of Communication with Extra-terrestrial 
Beings,” by Professor Lancelot Hogben, F.R.S. 
This paper discussed the use of mathematical symbolism to establish com- 
munication with other planets, assuming that only long-distance signalling 
was possible. The lecture was printed in the November, 1952 Journal. 


About 200 members and visitors were present. 


Saturday, 20th September, 1952 

“Report on the Third International Congress on Astronautics.” 

At this meeting the members of the British delegation to the Stuttgart 
Congress reported on the results obtained and gave summaries of the 
technical papers presented. 

120 members and visitors were present. 


SYLLABUS OF ACTIVITIES OF THE NORTH-WESTERN 
BRANCH DURING THE SESSION 1951-52 


Saturday, 27th October, 1951 
“Some Astronomical Problems,”’ by J. C. Farrer, F.R.A.S. A brief account 
of some astronomical problems of interest to spaceflight. Among the 
subjects discussed were the zodiacal light, interplanetary dust, meteors 
and solar radiation. 
74 members and visitors were present. 


Saturday, 24th November, 1951 
“Planets, Spaceships and Orbits,” by A. C. Clarke, B.Sc., F.R.A.S., an 
explanation, in simple language, of the fundamental laws of astronautics, 
and a description of the peculiar orbits and gravitational effects that can 
occur in the solar system. 
94 members and visitors were present. 


Wednesday, 12th December, 1951 
Visit to an Astronomical Observatory. A visit to the Godlee Observatory, 
College of Technology, Manchester, conducted by J. C. Farrer, F.R.A.S. 
23 members attended. 


Saturday, 26th January, 1952 
“Radio Astronomy,”’ by Dr. J. A. Clegg. A general survey of the work 
of the Jodrell Bank experimental station with particular emphasis on the 
radio detection of meteors. The numbers and distribution of meteoric 
material in interplanetary space were discussed. 
47 members and visitors were present. 
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Saturday, 23rd February, 1952 
“Radio Stars,”” by R. C. Jennison, B.Sc., A.Inst.P., Dipl.Ing., a survey of 
the work at Jodrell Bank with special reference to the radio stars, their 
detection and the type of observations made. 
46 members and visitors were present. 


Saturday, 22nd March, 1952 
“The Sociology of Interplanetary Travel,” by H. E. Ross. An attempt to 
show the problems associated with the colonisation of the planets, how 
these may be overcome and the vast social changes which will be necessary. 
54 members and visitors were present. 


Wednesday to Saturday, 16th to 19th April, 1952 
“The Dawn of Spaceflight,” an exhibition open to the public. It included 
the Daily Express Astronautical Exhibition, North West Branch exhibits, 
models and photographs. Recorded lectures were played during the 
exhibition. 
About 2,000 visitors attended. 
In the evening two performances of a film show were given featuring ““The 
German A-4 Rocket,” and “‘High-Altitude Research.” 
About 500 members and visitors attended. 
Saturday, 20th September, 1952 
“The Martian Probe,’”’ by E. Burgess, F.R.A.S., and C. A. Cross, M.A. 
A survey of the Martian project, orbits, perturbations, times, manoeuvres, 
instrumentation and power requirements. 
36 members and visitors were present. 


SYLLABUS OF ACTIVITIES OF THE MIDLANDS BRANCH 
DURING THE SESSION 1951-52 
Saturday, 13th October, 1951 
“Film Show.’ The opening meeting consisted of two performances of the 
films Faster than Sound and Rocket Flight. 
70 members and visitors attended the afternoon performance, and 101 
came for the evening show. 


Saturday, 17th November, 1951 
“Rocket Engineering,” by D. A. Parish. A general outline of the field of 
rocket engineering, and its applications. 
43 members and visitors were present. 


Saturday, 8th December, 1951 
“Nearby Space,” by H. F. D. Hourigan. An illustrated talk on the objects 
and conditions to be found in nearby space. 
43 members and visitors were present. 


Saturday, 12th January, 1952 
“Rocket Motor Design,”’ by D. Hurden, B.A. A discussion of the principles 
underlying the design of rocket motors. 
The paper was printed in the Journal, Vol. 11, No. 3, May, 1952. 
63. members and visitors were present. 
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Saturday, 9th February, 1952 
“Rocket Propellants,’’ by B. Dale, B.A. The properties, handling and 
production of fuels and oxidants for rockets. 
44 members and visitors were present. 


Saturday, 8th March, 1952 


“Fundamentals of Space Flight,” by A. C. Clarke, B.Sc., F.R.A.S. An 
explanation, in elementary language, of the fundamental laws of astro- 
nautics, and a description of the peculiar orbits and gravitational effects 
that occur in the Solar System. 


112 members and visitors were present. 


Saturday, 12th April, 1952 
Three short papers were delivered :— 
(a) ‘Preliminary Considerations for Extra-Terrestrial Flight,” by D. A. 
Parish. 
(b) “A Proposed Method of Making a Close Range Photographic Survey 
of the Moon,” by H. F. D. Hourigan. 
(c) ‘‘Energy Economics of Extra-Terrestrial Colonization,” by W. H. T. 
Davison. 
30 members and visitors were present. 


Saturday, 10th May, 1952 
“The Design of a Life Compartment Necessary for Interplanetary Travel,’’ 
by N. R. Nicoll. An outline of the various requirements necessary to 
sustain life on an interplanetary journey, and how they may be met. 
48 members and visitors were present. 


Saturday, 20th September, 1952 
‘Aerodynamics of High Altitude Rockets,”’ by Dr. W. F. Hilton, M.A. An 
introduction to high speed aerodynamics, and its application to the 
problem of aerodynamic braking of spaceships. 
50 members and visitors were present. 





B.1.S. CHRISTMAS CARD 

We are glad to announce that a special Christmas Card has been designed 
for the Society by Mr. R. A. Smith and is now available to members at the 
price of 2/6 per half dozen. Orders should be sent to the Secretary at 12, 
Bessborough Gardens, S.W.|. 

The illustration is reproduced on page 364. 

We hope that all members will make use of this card, which not only helps 
to solve a universal Christmas problem but also serves to spread the idea of 
astronautics! 
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SEVENTH ANNUAL GENERAL MEETING 
(For the convenience of members unable to be present, the Chairman's address 
ts reproduced below.) 


CHAIRMAN’S ADDRESS 
GENTLEMEN, 

I am very happy to be able to report that the progress recorded in my last 
address to you has been continued, and that your Society has successfully 
overcome the problems involved in obtaining offices and permanent staff. This 
is, of course, a major landmark in our history, and places the Society on a much 
securer and more businesslike footing. We owe, yet again, our gratitude to 
Mr. Carter for his work in this connexion. Our new office was discovered only 
after a long and arduous search on his part, and those of you who have visited 
it will, I am sure, agree that we have been fortunate in obtaining such satisfactory 
premises in so convenient a location. 


Membership 

Our membership at 30th September, 1952, was 2,010, comprising 489 
Fellows and 1,521 Members, an increase of 519 during the year. The figures 
for the last five years are now:— 
Total Membership at 30th September, 1948 = 502 


pe m wae = 1949 = 577 Annual increase = 15% 
9 - Thy NY 1950 = 925 oa vi = 60% 
* a aves mn 1951 = 1,491 t a = 61% 

Beer 1952 = 2,010 = - = 35%, 


It will be seen that the rate of increase is slackening, and in fact the numerical 
increase this year is slightly smaller than last (519 against 566). However, we 
are clearly a long way from saturation point, and the fact that we have now 
exceeded 2,000 members (thus doubling our size in two years) is highly 


encouraging. 
We hope that all members will do their best to make their friends aware of 


the Society’s activities—-and in this respect those of you who are working in 
scientific and technical establishments have unusual opportunities. Incident- 
ally, the Secretary will always be very glad to forward literature concerning the 
Society to any likely prospects whose names and addresses you may care to 


give him. 


Publications 

During the past year the following publications were issued :— 

(a) Six Journals: Vol. 10, No. 6 (November, 1951) and Vol. 11, Nos. 1-5 
(January, March, May, July and September, 1952). 

(6) The Annual Report for 1951 and Report on the Second International 
Congress on Astronautics, issued in November, 1951. 

(c) Seventh, eighth and ninth printings of the Book List, which has now 
been completely revised. 
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(d) The Artificial Satellite, containing the B.I.S. contributions to the Second 
International Congress on Astronautics and summaries of the foreign 
papers, together with a report on the Congress and a number of 
photographs. 


In addition, those Fellows who have requested it have received the following 
issues of the now greatly enlarged (and bi-monthly) Journal of the American 
Rocket Society :—Vol. 21, Nos. 5 (= whole Number 86) and 6; Vol. 22, Nos. 1-4. 

It has still, unfortunately, proved impossible to print a list of members, 
partly owing to the great expense and labour involved, and also owing to 
the reorganization of the Society’s records which is now in progress. We 
hope to be abie to prepare such a list in 1953, and for this end a circular will 
be sent out to all members asking them to return up-to-date information 
in address, qualifications, etc. We trust that everyone will co-operate 
by returning this document—however tired of questionnaires they may be !— 
as promptly as possible. 

The number of copies of the Journal printed has increased by no less than 
1,000 to a total of 3,500. This has at last enabled us to carry a small stock to 
meet demands for back issues. Once again we would like to thank Messrs. 
Heffers for their co-operation in both producing and dispatching the Journal, 
which, as you will have noticed, now appears early in the month for which it 
is dated. Messrs. Heffers have also undertaken the binding of the Journal, as 
described in our January, 1952 issue, and as the final result is remarkably 
pleasing, I would recommend all members who desire to keep their copies to 
have this done. The price is very reasonable, 8/— (post free). per volume. 

The highly specialised contents of the Journal of the American Rocket Society 
(which is now largely devoted to papers on rocket engineering), and the fact 
that many of our Fellows are already members of the A.R.S., has made it 
desirable to issue our somewhat limited supplies only to those who specifically 
request copies. 

One thousand copies of The Artificial Satellite were printed, most of which 
have now been sold. This booklet, incidentally, was the subject of a long and 
favourable review in Nature, as was the May Journal. This is extremely 
gratifying, especially when one remembers some of the remarks our distinguished 
contemporary made about us in pre-war days (not, I must confess, altogether 
unjustly !) 

To conclude the list of publications, I must mention the 1952 Christmas 
card specially designed for us by Mr. R. A. Smith, illustrated on page 364. I hope 
all members will use this card, and future ones, as this is an ‘excellent form of 
publicity for the Society. 


Lectures and Meetings 

As recorded elsewhere in this Report, the Society held 9 general meetings in 
London (including the Annual General Meeting on 8th December, 1951) during 
the period under review, as well as 8 meetings in Manchester and 9 meetings 
in Birmingham. In London, the increased attendance has made it necessary 
to hold all meetings in the York Hall, which can accommodate 250 people. 
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The Council still receives a very large number of requests for lectures from 
scientific and social organisations. Less than half of these requests can now 
be filled, owing to the shortage of suitable speakers. Members who would be 
willing to give talks are reminded that lecture notes and lantern slides for this 
purpose may be obtained from the Secretary. 

One of the most unusual—and successful—lectures during the year, was the 
demonstration of the properties and handling of rocket fuels, given at the Regent 
Street Polytechnic, by Dr. Maxwell, of RPD, Westcott, on Ist March, 1952. 
So popular was this that even two performances were insufficient to accom- 
modate all those who wished to attend. Unfortunately, for obvious reasons, 
we could not hold this particular meeting in the York Hall! We are deeply 
grateful to Dr. Maxwell for all the trouble he took, and to the authorities of the 
Regent Street Polytechnic for the facilities they provided. 

Perhaps this is the appropriate place to record my great pleasure at being 
able during the year to address branches of the American Rocket Society at 
New York, Baltimore and Las Cruces, New Mexico, as well as the Pacific 
Rocket Society at Los Angeles and the scientific staff of the Radiation 
Laboratory, Berkeley, California. 

There is no need to do more in this report than mention the Stuttgart 
Congress, as a full account of this is given elsewhere. Suffice to say that it was 
not only successful but enjoyable, thanks to the excellent work of its organizers, 
and we all look forward to meeting again in Switzerland next August. 

In connexion with the meetings of the Society, it has become necessary to 
make a small alteration to our Articles of Association. Article 50 (5) calls for 
us to take the names of all persons present at each meeting, and in the same 
Article it states that every person present at any meeting shall sign his name in 
a book kept for this purpose. Now that we have 200 or more present at some 
of our meetings, this is obviously impractical and later in-the Agenda we shall 
call for the deletion of this article. 


Library and Information Service 

The Library still continues to grow steadily and now has some 100 books 
on rockets, astronautics and astronomy available on loan to Fellows. In 
addition it contains copies of more than 600 articles or papers, and over 200 
journals of the various astronautical societies. Since the loan service was set 
up, more than 1,000 articles and 200 books have been sent out. Although it is 
still possible to issue books only to Fellows of the Society, it is hoped that when 
the Library has been moved to our new offices the scheme can be extended to 
all members. The information service and article loan system are already 
available to all. Most of the items mentioned in the “Abstracts” are added to 
the service and Mr. Humphries—to whom our sincere thanks are due for under- 
taking this considerable labour—is always willing to locate articles on any 
particular topic. Enquiries should be addressed to him at 97, Churchill Avenue, 
Southcourt, Aylesbury, Bucks. 

It is satisfactory to record that the Information and Article Loan Service 
is now used extensively by outside organizations such as ASLIB, I.C.I. and other 


large industrial firms. 
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Small but representative libraries have also been started in Manchester and 
Birmingham for our North-West and Midland Branches, which also receive 
issues of the various foreign journals. These services are available both to 
Fellows and to Members residing in the areas covered by the Branches. 


Books, Radio, Television and Films 

Public interest in astronautics continues on at least its former level, and by 
this time there cannot be many people in this country who do not know that 
there is an interplanetary society! Perhaps the final seal of approval was 
given when Punch published an article about the Society, complete with Emmett 
spaceship, on 21st November, 1951. 

Only two films on space-flight which were shown here during the year are 
worth mentioning. The Day the Earth Stood Still was excellent and thought- 
provoking entertainment, but the spaceship involved was so far’ ahead of our 
present science that one can hardly express any opinion about it. As for 
The Thing—well, whatever views one may have on the merit of this film, it 
cannot be denied that it was exceedingly bad propaganda for astronautics ! 

The most important radio programme touching on our interests was Life on 
Other Planets, broadcast on 9th September, 1952. This 45-minute discussion 
concluded with an excellent—and quite unsolicited—advertisement for the 
B.1.S., even though we were lightly disguised as ‘‘the rocket society.” 

The end of the period under review saw the publication of books by two 
members of your Council—Kenneth Gatland’s The Evolution of the Guided 
Missile. It is no secret that further volumes from B.I.S. members are on the 
way. 

A major publishing event of the year was undoubtedly the appearance of 
the special issue of Collier’s (22nd March, 1952) devoted to space-flight. This 
created a great deal of attention on both sides of the Atlantic, and some of 
Chesley Bonestell’s magnificent illustrations were later reproduced in a series 
of articles in Illustrated by the present writer. 


Exhibitions 

A very successful exhibition was held by the North-Western Branch at 
Manchester, on 16-19th April, some 2,000 people attending. We congratulate 
Mr. Burgess and his associates on this enterprise, which is fully described in the 
September, 1952 Journal. 


Branches 

As shown by the record of its meetings, the North-Western Branch continues 
to flourish under the able leadership of Mr. Burgess. In addition, it is a pleasure 
to note the firm establishment of the Midlands Branch, whose first complete 
programme took place in the period under review. 

Attempts are now in progress, as announced in the November, 1952 Journal, 
to form groups in Yorkshire and the West Country. I hope that everyone who 
is in a position to do so will support all such local activities, which give members 
unique opportunities of personal contact, as well as providing interest and 
instruction. — 
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Accounts 

I think we can take a modest pride in the satisfactory state of the Society's 
finances. In particular, I am very glad to say that we have been able to meet 
the heavy expense of setting up our office out of normal revenue. This does 
not, however, mean that we will have a still larger surplus next year when this 
particular expense will not recur. As the office was not operating until April, 
1952, we have only six months’ charge for this in the period under review: 
in the next account we shall have a full year’s expenditure. Moreover, we 
shall also have to face the considerable expense of publishing our List of 
Members. 

You will note that we have transferred £300 of.our gross surplus to the 
Subscription Reserve Account, making that a total of £500. This money has 
to be available to cover the cost of the 1952 Annual Report and the November, 
1952 Journal, which must be paid for from the cash we have in hand in the 
last quarter of the calendar year. 

There has been an encouraging increase in the number of members com- 
pounding their subscriptions, and I would again call upon all who can do so 
to avail themselves of this opportunity. To remind you of the rates I give the 
table below :— 


Age limits Membership Fellowship 
£ 
20-25 25 35 
26-30 23 32 
31-35 21 30 
36—40 18 26 
41-50 16 22 
51- 14 18 


We are continuing to keep the balance of compounded subscriptions in a 
separate fund, as a reserve against the day when it will be necessary for the 
Society to move to larger premises. 


The Council 

During the past year, the Council met 13 times to conduct the Society’s 
business—a record number of meetings. This was partly due to the arrange- 
ments, now happily completed, necessary before the Society could obtain a 
permanent office. 

The increasing number of membership applications which has to be con- 
sidered has now made it necessary to set up a Membership Committee, which 
assembles immediately before the Council meetings and reports its decisions to 
the Council. At present this Committee consists of Dr. L. R. Shepherd, W. N. 
Neat and G. V. E. Thompson, and its activities have relieved the Council of 
much routine work. 

In my last Report, I explained the urgent need the Society had for obtaining 
offices and staff, and the plans we were making to this end. After exploring 
many possibilities, we were finally fortunate enough to obtain, for a very 
reasonable rental, the conveniently placed rooms near the Tate Gallery which 
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are now the headquarters of the Society. This is a source of great satisfaction 
and relief to us, and I would like to thank those members who came along and 
helped when we moved our records and equipment into our new home. 


At the last Annual General Meeting, I requested your authority for the 
Council to borrow (by way of a mortgage) up to £5,000 for the establishment of 
office premises. As our present accommodation is rented, there has been no 
need to use this authority, and all expenses in connexion with the setting up 
of the office have been met out of current income. At some future date, however, 
we may well contemplate purchasing a larger building to act as our headquarters, 
and will then have to use the authority you have granted us. 


In May, 1952, we obtained the full-time services of Miss Dorothy Mitchell, 
who, under Mr. Carter’s direction, has been busy during the year learning to 
handle the Society’s expanding affairs. The fact that we now have a recognised 
address and ’phone number at which someone is available during the day to 
deal with inquiries is another great step forward. 

Under Article 15 of the Articles of Association, four members of the current 
Council have retired, viz.: Messrs. A. V. Cleaver, K. W. Gatland, W. H. Gillings 
and G. V. E. Thompson, of whom Messrs. Gatland and Thompson offer them- 
selves for re-election. Mr. Cleaver feels unable to do so this year. We are 
particularly sorry to lose him—I hope temporarily—as his services to the Society 
since the War have been invaluable. 1 know he will always be ready to give 
us his advice, even if for the moment he is unable to take so active a part in 
our work. 

In conclusion, I would again like to express my thanks to all those who have 
made possible our steady progress through the past year, and to express my 
confidence that this will be continued in the future. 


ARTHUR C. CLARKE, 
5th December, 1952. Chairman of the Council. 





ASTRONAUTICAL POSTCARDS 
A limited number of the postcards issued as souvenirs of the Second 
International Congress on Astronautics are still available. They depict the 
following scenes :— 
(a) “The German A4 Rocket” (photo British Interplanetary Society). 
(b) “View of the Earth at 60 miles altitude” (photo U.S. Navy). 
(c) ‘Building a Space Station” (drawing by R. A. Smith from The Exploration 
of Space, Temple Press, Ltd.). 
(d) ‘‘The Lunar Landscape” (photo Lick Observatory). 
(e) ‘‘The Rocket in a Lunar Crater” (Scene from Destination Moon). 
(f) ‘‘Imaginary view of Saturn from its Nearest Satellite” (from a painting by 
Chesley Bonestell in The Conquest of Space, Sidgwick & Jackson, Ltd.). 
The postcards are available at 2s. per set, post free, from the Secretary at— 
12, Bessborough Gardens, London, S.W.|. 
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THIRD INTERNATIONAL ASTRONAUTICAL CONGRESS 
Stuttgart, 1952 


The Third International Congress}on Astronautics, which took place at 
Stuttgart on lst-6th September, 1952,; will be regarded by all who attended it 
as an unqualified success. It saw the firm establishment, on a foundation of 
unanimous decisions perhaps unprecedented at such conferences, of the Inter- 
national Astronautical Federation. ree this successful outcome, much credit is 
due to the Gesellschaft fiir Weltraumfarschung and its indefatigable secretary, 
Herr KGlle: to the Secretary of the TAF. Herr Stemmer, and to its Vice- 
President, Dr. Loeser, who had spent the preceding year on the complex task 
of drawing up a constitution which wopld reconcile the views of all the societies 
concerned. 


This issue of the Annual Report contains the full versions of the papers 
delivered by the British speakers to the Congress, and summaries of the foreign 
ones. The German papers will be published in full by the G.f.W. in due course. 
This note is not, however, concerned with the technical aspects of the Congress, 
so much as with its personalities and events. 


The B.I.S. was represented at Stuttgart by its Chairman (A. C. Clarke) and 
Secretary (L. J. Carter), who took the quickest route from London and travelled 
by B.E.A. Other members of the Council, who arrived by more devious means, 
were Dr. L. R. Shepherd, Dr. A. E. Slater, and Messrs. E. Burgess and 
J. Humphries. Our Midlands branch was also well represented by Messrs. 
A. C. Rotherham, and D. F. Lawden. Other members who attended were 
Messrs. I. Sutton (Swindon), P. A. Hall (Liverpool), D. P. Maddock (Westcott) 
and G. R. Ramsden (Westcott). 


It was very pleasant to greet, on the Sunday evening before the Congress 
opened, so many old friends from previous years—as well as new delegates 
attending for the first time. The total number attending officially was 160, 
making this easily the largest Congress so far held. Though there was much 
disappointment that Professor von Braun was unable to attend, we were very 
pleased to have with us once again Professor Oberth, Dr. Sanger, and Dr. Sanger- 
Bredt. Five delegates had made the crossing of the Atlantic—Dr. Loeser, Mr. 
Haley and Mr. Durant from the United States, and Professor Tabanera and 
Miss Balado from the Argentine. Those who were most missed from prevéous 
years were Dr. Casiraghi (Italy), Monsieur Ananoff (France) and Senor Mur 
(Spain). The absence of the last two gentlemen was particularly unfortunate 
as it left their countries unrepresented: we will look forward to seeing them 
all again in 1953. 


The Congress opened officially on Monday, Ist September, with addresses in 
the Landesgewerbemuseum by Professor Schiitte, Chairman of the G.f.W., and 
Dr. Seebohm, Minister of Transport for the West German Republic (and, 
incidentally, a member of the G.f.W.). The delegates were then taken round the 
really remarkable exhibition which had been arranged in the Museum. The 
main item displayed was a reconstructed V.2, but in addition there was a fine 
range of models, photographs and drawings covering every aspect of rocketry 
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£912 are - 
Opening of the First Business Session 

Seated at the top table (left to right) are Ing. J. A. Stemmer, Dr. G. Loeser, 
Dr. E. Sanger and Andrew G. Haley 


An interval during the Business Sessions 


Reading clockwise are Prof. H. Kénig, Prof. Dr. K. Schiitte, Dr. H. Gerlach, Prof. 
Eula, Captain Partel, A. C. Clarke and L. J. Carter. 
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and space-flight. Particularly well done were models of the ‘“‘deep-space’ 
vessels proposed by von Braun in his Marsprojekt. 

The first business meetings of the Congress took place at the Park Hotel on 
the Monday afternoon, when the delegates introduced themselves and stated 
the number of members of their respective Societies. 

As these are of general interest, they are reproduced below :— 


Membership 
LIST OF SOCIETIES at London 
Congress 
Argentina. Sociedad Argentina Interplanetaria (S.A.I.) 85 22 
Austria. Oesterreichische Gesellschaft fiir Weltraum- 
forschung (O.G.f.W.) .. 102 50 
Denmark. Dansk Selskab for Rumfarts- Forskning 
(D.S.£.R.) os 32 ~- 
France. Groupement Astronautique: Francais (Not repre- 
(G.A.F.) .. - i ¥ .. sented) 210 
Germany. Gesellschaft fiir Weltraumforschung 
(G.f.W.) .. 528 416 
Nord-West ‘ osaiiihick fir Weltraumfor- 
schung (now in process of being amal- 
gamated with the G.f.W.) 3 134 170 
Holland. Nederlandse Vereniging voor Ruimtev aart 
(N.V.v.R.) x ok 120 _- 
Italy. Associazzioni Italiana Razzi (A.LR.) es 88 35 
Norway. Norsk Interplanetarisk Selskap (N.I.S.) .. 28 
Spain. Asociacion Espanola de Astronautica (Not repre- 
(A.E.A.) .. . - sented) 80 
Sweden. Svenska Interplanetarisk Se Iskap S. I. S.) 26 60 
Switzerland. Schweizerische Astronautische Arbeits- 
gemeinschaft (S.A.A.) . i 49 15 
U.K. British Interplanetary Society (B. I. S.) .. 1,970 1,409 
U.S.A. American Rocket Society (A.R.S.) -- 2,011 1,461 
Chicago Rocket Society (C.R.S.) .. + (Not known) 135 
Detroit Rocket Society (D.R.S.) .. an 85 85 
Pacific Rocket Society (P.R.S.) and 
Reaction Research Society (R.R.S.) 295 275 


Many important matters were dealt with at this nieeting and those which 
continued throughout the following day. These matters included the election 
of next year’s I.A.F. Council, the date and location of the next Congress, and 
the financial contributions to be made by the various societies. Dr. Sanger was 
again elected President, with Dr. L. R. Shepherd (B.1.S.) and Mr. A. G. Haley 
(A.R.S.) as Vice-President, and Dr. G. Eoeser as an Honorary Vice-President. 

It was agreed that the Fourth Congress be held in Switzerland, probably in 
Zurich, from 3rd—10th August, 1953. 

All the matters on the agenda were dealt with in an atmosphere,of complete 
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A group of B.I.S. Members at the Informal Reception on 3lst August, 1952, at the 
Schlossgarten Restaurant 


Seated round the table in the foreground are (left) Dr. A. E. Slater and (right) Dr. 
L. R. Shepherd, L. J. Carter, P. A. Hall (standing), A. C. Rotherham and I. Sutton. 


Official opening of the Exhibition at the Landesgewerbemuseum 
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cordiality and co-operation, and the Constitution of the I.A.F. was quickly 
agreed upon with only minor textual amendments. The final draft will be 
found on page 357. 

The only point on the Constitution which had been a matter of serious debate 
was the voting procedure. The principle of one vote per country was finally 
adopted, after discussions which had begun at the London Congress in 1951, 
as the simplest and the most widely supported procedure. The alternative 
principle of one vote per society might, it was felt, lead to a situation in which 
one country with a number of small societies could outvote countries with a 
large, unified astronautical movement. Indeed, it might even tend to hinder 
the amalgamation of national societies. In practice, the only countries affected 
by this were the United States and Germany, and.it is satisfactory to record 
that the various sections of the G.f.W. have now combined into a single society. 

At this point, record should be made of the fact that, thanks to the efficient 
interpretation of Herr Kaeppeler, the bi-lingual proceedings of the business 
meetings proceeded very smoothly and with remarkably little wasted time. 

On the Wednesday the delegates took a well-earned rest and departed, in 
three coach-loads, to the Black Forest. The weather was perfect for such an 
expedition, which was thoroughly enjoyed by all as it passed through some of 
the most beautiful regions of Germany. A halt was made to the little town of 
Weil der Stadt, Kepler’s birthplace, and delegates had an opportunity to visit 
the great astronomer’s home, now full of records of his life, and models and 
drawings relating to his discoveries. 

Thursday and Friday were fully occupied by the technical papers, delivered 
in the Landesgewerbemuseum. It must be confessed that some of the British 
delegates did not attend these, on the grounds (a) that they couldn’t under- 
stand the German papers, and (b) that the British papers would be printed in 
the Journal later. These two days were therefore devoted to exploring 
Stuttgart and examining its well-filled shops with envious eyes. 

However, everyone made a point of attending the last two lectures on 
Friday, when Professor Oberth made a witty and amusing speech—very well 
received by his large audience—on private work for space-flight, and Mr. 
Durant (A.R.S.) read Professor von Braun’s paper, “Space Travel—its 
dependence upon international scientific co-operation.” 

On Saturday, 6th September, the morning was occupied by a film show. 
The main film screened was The German A.4 Rocket (loaned by the B.LS., 
courtesy of the Army Kinema Corporation). The A.R.S. contributed an excel- 
lent colour film about the Viking rocket, and a film of V.2 firings at White 
Sands. Professor Tabanera showed a short film of experiments with quite large 
aniline-nitric acid rocket motors, carried out in the Argentine, and resulting in 
some impressive pyrotechnics. 

After two more papers, the Congress formally closed with a dinner at the 
Kursaal, Bad Cannstatt, arranged by the G.f.W. and the City of Stuttgart. 
Among the speeches made was one by the Mayor of Stuttgart, who expressed 
the hope that the delegates would be returning, for pleasure or business, in the 
future. At this dinner, presentation was also made of the Hermann Oberth 
medal to Professor von Braun, and accepted in his absence by Mr. Durant. The 
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At Kepler’s birthplace. 
Dr. J. M. J. Kooy and D. F. Lawden chat together during 
the visit to Weil der Stadt. 
(the statue of Kepler can be seen in the background) 


delegates then made their farewells and started their homeward journeys. It is 
hoped that they all arrived safely: in a number of cases, strong doubts were felt 
about this. .. . 

So much for the main events of this most enjoyable Congress. What cannot 
be adequately described, however, are the many informal meetings and dis- 
cussions between the various delegates, which in their way contribute asmuch 
to international astronautics as the official business. It is confidently hoped 
that the Swiss Congress in 1953 will follow in the same successful pattern. 


Colour Slides of the Congress 
After the Annual General Meeting, Mr. Clarke will project a number of 
colour slides taken at the Congress and also during his visits to Mount Wilson 
and Mount Palomar Observatories. 
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INTER-ORBITAL TRANSFER OF A 
ROCKET* 


By DerReK F. LAwpen, M.A. 





ABSTRACT 


The problem of the transfer of a rocket between two coplanar elliptical orbits about the 
same centre of inverse square law attraction along a trajectory requiring a minimum fuel 
expenditure is solved. The solution is shown to involve a number of impulsive thrusts and 
equations are obtained from which the magnitudes and directions of these thrusts and the 
instants of their application may be calculated in particular cases. In the case of transfer 
between circular orbits, the solution is shown to be equivalent to that due to Hohmann. 


1. Introduction 

The pioneer researches of Ziolkovsky, Oberth,! von Pirquet and Esnault- 
Pelterie,? directed scientific and engineering attention to the possibility of 
developing the rocket motor to the stage where it would be possible to employ 
it for the purpose of space exploration. This possibility must have seemed very 
remote in the second decade of this century during which the foundations of 
the new science of astronautics were being laid and it was therefore out of place 
at that time to consider in any detail the navigation of a rocket in interplanetary 
space. Hohmann’ did, however, make an analysis of the problem of transferring 
a rocket from one circular orbit into another coplanar with the first and about 
the same attracting body. He came to the conclusion that transfer would be 
most economical if effected along an elliptical trajectory tangential at its apses 
to both circular orbits, fuel being expended rapidly at each apse to provide an 
impulse sufficient to carry the rocket into or out of the ellipse of transfer, the 
rocket being in a state of free orbit in the interval between these impulses. Such 
a trajectory of transfer accordingly bears his name. The advent of the large 
war rocket has completely transformed the situation and the time is now ripe 
for a complete investigation of the fundamental navigational problem of 
astronautics, namely that of the transfer of a rocket between two points at 
which its velocity is to be as specified, the two points being in a given gravi- 
tational field and the mode of transfer to be that which is most economical in 
fuel. The time of transit between the points may or may not be specified. The 
author has given a complete solution to this problem in the case of a uniform 
field.* It is the purpose of this paper to carry the investigations one stage 
further towards a solution in the general case, by solving the problem of optimum 
transfer between two terminals in a field due to a centre of inverse square law 
attraction, the time of transit being unspecified and the velocities at the 
terminals being such as to place the rocket in coplanar elliptical orbits about 
the centre of attraction, both being described in the same sense. 


2. Preliminary Investigation 
The equation of motion of a rocket will be taken in the form 


dv c dM 
a tna 


* Presented at the Third International Congress on Astronautics. 


(1) 
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where v is its velocity, c is the jet velocity relative to the rocket (assumed of 
constant magnitude), M is its mass, F is the gravitational attraction per unit 
mass and ¢ is the time. 

Putting F = — grad V, where V is the potential function of the gravitational, 
field and employing rectangular cartesian axes Ox, Oy, Oz fixed in the field, we 
may express equation (1) in the resolved form 

~ OW lc dM 
f+ = a ay ete. ee ve a 


where (/, m, n) are the direction cosines of the rocket thrust. Since /* + m? + n* 
= 1, squaring and adding equations (2) and then extracting a root, we find that 


c dM ?) 
-aa-[> (#+5 ~) | for ee 
*, 9,2 


from which it follows upon integration with respect to ¢ over the interval (O, T) 


that 
clog 39! = -{ [> G43 z +5 r) [ae ae 


where M,, M, are the initial and final masses of the rocket respectively. 

The general problem is to navigate the rocket from a point A (x9,V9,29) to a 
point B (x,, y,, 2;) in the time T in such a way that the mass ratio R = M,/M, 
is as small as possible. The velocity of the rocket at the terminals A and B will 
be specified. Let these values of the velocity be (um, v9, Wo), (My, 3, @) Tespec- 
tively. Mathematically the problem is to select the functions x(t), y(é), z(t) 
appearing in the integrand in equation (4), so as to satisfy the boundary 
conditions 








% = X,Y = Vo, Z = 2%, X = Uo, VY = Vo, Z = Wy at t= O, 
R= MY HV_t—=%5yr— Hh, Y= Yy,z=w, at t=T, 


and to minimise the mass ratio. This is a problem in the calculus of variations 
and Euler’s characteristic equations® for the solutions are 


~ ewe 
AF +e mn" 
(3 + ner eV - OW Dp eV 1 Z 4 a) eV 
gt a ee oS} = } 
Ox / Ox we Oz = 0, e = 


Se 


In view of equations (2) and (3), these latter equations may be written more 
shortly thus, 











eV eV eV 
aa t+ mM +5 = O, ete. -« & 
Ox? 


‘+e OyOx 020% 
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If an attempt be made to determine the Taylor expansion of the solution of these 
equations in the neighbourhood of some time ¢ = ?’, it will be found that the 
equations arrived at for the coefficients in this expansion possess, in general, no 
solution. To see that this is necessarily the case, consider any small region of 
the gravitational field. Let (~, g, 7) be a point in this region. Expanding V in 
a Taylor series about this point we obtain 

av ov av eV 

pt M+BO-Ntz E-Nt+ zee Pt + 
Neglecting all terms of order higher than the second in (x — p), etc., equation (7) 
is equivalent to 


V=V'4,+Xx+ Yy + Zz + ax* + by*® + cz* + Afyz + 2gzx + Bhxy, (8) 
where X, Y, Z, a, 6, c, f, g, h are constants. By a rotation of axes to new 
co-ordinates x’, y’, z’ equation (8) can always be expressed in the form 

V=V'g t+ Xx’ + Y'y' + 2'2' + ax? + by? + c'z” te ae 
Clearly 2V/dx"* = 2a’, ®V /éx'dy’ =O, etc. Relative to the new axes of 
co-ordinates and within the region being considered, equations (6) now take 
the form 


V=Vy+ 


i+ 2a'l =0,m+2b’'m=0,n+2%'n=0.. .. (10) 
If a’, b', c’ are positive and non-zero, these equations possess general solutions 


i = A,cosw,t + B,sin,wt, m = A,coswet + “— 
n = A,cosw,t + B,sinwzf, ; .. 4a) 


where the A’s and B’s are arbitrary and w,? = 2a’, etc. 

Now /, m, n are not independent, but are related by the identity ? + m* + n* 
= 1. Substituting the expressions (11) in this identity, we find that it can only 
be satisfied if 

W, = W, = ws, A*, + A®, + A*, = B*, + B, bij. 3h 
ah + dks ae ‘ .. (12) 


These conditions, together with equations (11), imply that the jet direction 
(, m, n) rotates steadily in a certain plane with angular velocity w,. However, 
for this solution to be valid, it is necessary that a’ = 6’ = c’ and this condition 
will be satisfied at a few isolated points only of any actual field. This solution 
is accordingly of no practical significance. If some or all of a’, 6’, c’ are zero, 
it may be verified that the situation is unaffected. If some or all of the quan- 
tities a’, b’, c’ are negative, the appropriate solutions of the equations (10) cannot 
be made to satisfy the identity in J, m, n. 

There being no solution in general which is valid over small regions of the 
field, we cannot expect the equations (5) to possess a solution valid over a large 
region and accordingly this form of attack on the problem must be abandoned. 
A special method‘ has been employed to yield the solution in the case of a 
uniform field and this solution involves impulsive thrusts delivered to the rocket 
at the terminals and separated by a period of free fall. The reason for the failure 
of the above analysis is therefore apparent, for we may expect impulses to 
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occur in the solution to the general problem and such impulses imply dis- 
continuities in the functions %, 7, 7 and the non-existence of the second 
derivatives. Many of the equations of this section will therefore be meaningless 
in such circumstances. 

It is clear that an alternative description of the motion of the rocket in terms 
of co-ordinates other than x, y, z and which possess derivatives of the requisite 
number of orders even under conditions of impulsive thrust is required. Such 
co-ordinates, for use in the two-dimensional problem, are defined in the next 
section. 


3. The Co-ordinates «, 8, y 

We shall now restrict ourselves to the two-dimensional problem of the 
transfer of a rocket between two coplanar terminal orbits about a centre of 
attraction. Let (r, w) be polar co-ordinates in the plane of the orbits, the pole 
being at the centre of attraction and let y/r? be the attraction per unit mass. 
At any time ¢, if the rocket motor were cut off, the rocket would orbit in a conic 
having an equation of the form 


1/r = a? + aBcos (w + y), - ‘ .. (13) 


where «, 8, y are constants of the orbit. At such an instant the rocket will be 
said to be in the orbit (a, 8, y) and we shall take, without loss of generality 
a>0,8>0. As fuel is expended a, B, y will vary and their manner of variation 
is sufficient to determine the rocket trajectory. As co-ordinates of the rocket 
they possess the advantage that they vary in a perfectly determinate manner 
when the latter is subjected to an impulsive thrust. This we shall now prove. 
The rocket being in the orbit (a, B, y), let expenditure of fuel over a 
an infinitesimal interval of time at the point (7, w) transfer it into the orbit 
(a + dx, 8B + dB, y+ dy). This orbit has equation 
1/r = (a + da)® + (a + da) (B + dB) cos (w + y + dy) 
= a2 + aBcos (w + y) + 2ada + (adB + Bda) cos (w + y) 
— aBdy sin (w + y), - 7 .. (14) 


terms of the second order having been neglected. The orbits having equations 
(13) and (14) intersect in the point (7, w) and hence eliminating r between them 
we obtain the following equation for w 


2ada + (adB + Bdax) cos (w + y) —aBdysin (w+ y)=0 .. (15) 
If during the period of thrust «, 8, y vary according to the equations 
a =a(s), B = B(s), y =y(s), where s is a parameter not necessarily having 
physical significance, then dividing equation (15) by ds and indicating differenti- 
ations with respect to s by primes, we obtain 
2aa’ + (x8)’ cos (w + y) — aBy’ sin (w + y) = 0 .. (16) 


This equation enables us to calculate w in terms of s when the manner of 
variation of «, 8, y is known and then equation (13) determines 7. The equations 
yr = 1(s), w = w(s) are equivalent to the polar equation of the trajectory. 
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If (v,, Vw) are the radial and transverse components of the rocket’s velocity 
when it is moving in the orbit («, 8, y), it may be shown that® 
pt v, = B sin (w + y;, 4 ys oOo 
potvy = a + B cos (w +), Ny .. (18) 
It follows by differentiation of these equations that as the rocket moves into the 
perturbed orbit (« + da, B + dB, y + dy) at the point (r, w), the increments 
in its velocity components are given by 
pe tdv, = dB sin (w + y) + Bdy cos (w + y), .. .. (19) 
pe tdvy = da + dB cos (w + y) — Bdysin(w+y), .. (20) 
Thus far our equations have been applicable to a trajectory described under 
any thrust programme. In the special case of an impulsive thrust, 7 and w as 
given by equations (13) and (16) will be independent of s and constant. In such 
a case let r = 1/u and w = 6. If ¢ is the angle made by the direction of the 
impulse with the forward transverse direction (see figure), dv, and dv,, will be 
related by the equation 
dv, = dvy tan ¢, vs oy .. (21) 
throughout the short duration of the thrust. This equation, in conjunction 
with equations (19) and (20) in which we put w = @, leads to the equation 
da tan ¢ + dB{cos (@ + y) tan ¢ — sin (0 + y)} 
= Bay {sin (0+ y) tan¢d+cos(@+y)}  .. .. (22) 


Eliminating B and d8 between equations (13), (15) (in both of which we put 
r = 1/u and w = @) and (22), we arrive at the equation 





{u tang — (u+a%)A}da+a(u—a)dA=0, .. -- (23) 
where A = tan (8+ y). This equation possesses the general solution 
u— Aa 
A= tan (0 + y) = [—3 tang, ae .. (24) 


A being the constant integration. 
Together with equation (13), this last equation is equivalent to the equations 
aB cos (0+ y) = u — a2’, + nf .. (25) 
aB sin (0 + y) = (wu — Aa) tand “a .- (26) 
This latter pair of equations shows how a, B, y are related during any impulsive 
thrust specified by the constants u, 0, A,¢. u and @ fix the point at which the 
thrust is applied, ¢ fixes its direction and we shall now show that yp Asin ¢ is 
the component of the velocity of the rocket in a direction normal to the direction 
of thrust. This latter quantity is evidently constant during the short period of 


the impulse. 
Taking this velocity component in the sense indicated in the figure, its 


value is 
vw sin d — v,cos¢ = p' sin d{fa + poe (0 + y) — Bsin (0 + y) cot d}, 
= p' Asin ¢, : te ff .. (27) 


where we have employed equations (17), (18), (25) and (26). 
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Reference Line 
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4. Fuel Minimisation 

If (%, Bo, Yo), (%, By, yi) Tepresent the terminal orbits, any trajectcry of 
transfer between them may be specified by equations « = a(s), B = A(s), 
y = y(s) where « = a%, B = Bo, y = Yo When s = s, anda =a, B= fp, y= 
when s = s,. In this section we shall compute the fuel expenditure in terms 
of the functions «(s), 8(s), y(s) and then minimize with respect to these functions. 

Consider the transfer from the orbit (a, 8, y) to the orbit (« + da, B + dB, 
y + dy) due to an infinitesimal impulsive thrust applied at the point (r, w) 
given by equations (13) and (15). The magnitude of the velocity change is 
(dv*, + dv.*)*. If equation (1) be integrated over the small period of the 
impulse there results 

dv = ca (log M), ‘a ‘ a .. (28) 

since F remains finite during this time. Equation (28) shows that the velocity 
increment is in the direction of the thrust and of magnitude — cd(log M) (log M 
is decreasing). Hence 


— cd (log M) = (dv,? + dv,,*)* 


= pt [ae + Pdy— dt 3 + =F cos w+} if .. (29) 


where we have employed equations (15), (19) and (20). Integrating equation 
(29) with respect to s, we obtain 


pote log = = . f* le + By’? — a}3 + °F cos (w + ”)} fa 
"fish ap ccae Le ee 


where (w + y) is defined in terms of «, 8, their derivatives and y’ by equation 
(16), the integrand is positive and we assume s, >Sp. 

To minimize integral (30) we set up Euler’s equations corresponding to 
variations of the functions a(s), B (s), y(s). These are 


d/o af d/o a af 
ze = 5, (31) = (oF = 5p (32) z( ms) = 0, (33) 
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where 
a 2 
of B asin (w+) 57 — 80° — Pe waeitase 
a’? = 2 Ba’? 
{B+ Bly’ — a’? — cos (w +7) 
eo Re te Cw 
y gt Mlety + (em tyi 
Da = 2 ?’ 
in A? + By’? — 3a’? — =4 a’? cos (w +} 
| Ey Ow 
a. B+ | asin (w + ¥) 5 
op" 2 ; 
B 1B + pty’? — 3a’? — a8 c0s (w +y} 
x’? } | gene Cw 
a _ OD 5 eetnt Oar 
cal 2 ? 
op p’ + p2y’? — 3a’2 — =F a cos (w + y}" 
Be et Ow 
af By’ + — @ sin (w +7) 57 





e Desc: 2 }’ 
7 1 + Pty? — 8a’? — °P a cos (w + ”} 
where 0w/@a, 9w/Ga’, etc., are derivable from equation (16). 
Differentiating equation (16) partially with respect to a, «’, B, B’ and y’ we 
obtain the results 
Ow 2a’ + B’ cos (w + y) — By’ sin (w + y) 




















Ga ~ (ap) sinw+y) +apy cos~wty) * °° OH) 
Ow 2a + B cos (w + y) 
da’ ~ (aB)’ sin (w + y) + aBy’ cos(w+y)’ *” “ 
ow a’ cos (w + y) — ay’ sin (w + y) 

‘0B ~ (aB)' sin (w + y) + ay’ cos (w + y)’ a 
Ow a cos (w + y) : 
op’ ~ (@By sin (w + y) + aBy’ cos (w +7)’ Fas 
Ow ae aB sin (w + y) (38) 
dy’ (aB)’ sin (w + y) + aBy’ cos (w + y)" 


It is well known that only two of the equations (31)—(33) are independent® 
and hence we may disregard any one, say equation (32). We shall now show 
that equations (31) and (33) are satisfied by any functions a, 8, y which are 
related by equations (25) and (26). Substituting from these equations into 
equation (16) we expect to be able to deduce that w(s) = 8, for equations (25) 
and (26) represent the trajectory described under an impulsive drive and for 
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such a trajectory w is evidently constant. To verify that this is so we solve 
for cos (w + y) from equation (16) obtaining 
— 2ox’(aB)’ + aBy’ {a®B%y’2 + (a B)’? — 4020 ’2}4 
wos (w+ y) = 2H BY By’ (2B + (a8) 
a* Bay’? + (aB) 
the ambiguity in sign being explained by the fact that the perturbed orbit has 
two points in common with the orbit (a, 8, y). Differentiating equations (25) 
and (26) gives 


.. (39) 





(aB)’ cos (0 + y) — aBy’ sin (0 + y) = — aa’, .. (40) 
(aB)’ sin (0 + y) + aBy’ cos (0+ y) = — Aa’ tand .. (41) 

Squaring and adding this pair of equations then gives 
(aB)’? + a? By’? = (4a? + A* tan? d) a”, .. * .. (42) 
or + {(aB)’* + a®B%y’? — 4a%x’2}# — | Aa’ tand| .. .. (43) 

In addition we may obtain the equations 

(aB)’ = — 2an’ cos (9 + y) — Aa’ tan d sin (9 + y),.. (44) 
ay’ = — Aa’ tan d cos (6 + y) + 2aa’ sin (6 + y), .. (45) 


It now follows by substitution in equation (39) that 
(4a? + A? tan? d)a’? cos (w + y) = 4a2x’? cos (8 + y) 
+ 2 Aux’? tan ¢ sin (6 + y) 
+ {2ax’ sin (9 + y) — Aa’ tan d cos (6 + y) }| Aa’ tan ¢ | 
i.e. cos (w + y) = cos (6+ y), .. me .. (46) 
provided that Aa’ tan ¢ is negative when the positive sign is accepted and 
positive when the negative sign is taken. This condition will be implied when 
it is stated that equations (25) and (26) constitute a solution of the equations 
(31)-(33). From equation (46) we may deduce that w = 8, since the alternative 
is that w + y = — (6 + y) and if this is substituted in equation (16) the result 
contradicts equation (40). When substituting from equations (25) and (26) in 
equations (31)—(33) we may accordingly write w(s) = 6. If we are then able 
to show that these equations are satisfied by the equations of an impulsive 
thrust, it will follow that these equations constitute the general solution of the 
equations (31)—(33), for they involve four arbitrary constants, u, 6, A, ¢. To 
complete this substitution in the cases of equations (31) and (33), a number of 
subsidiary results are required. 
Firstly, squaring and adding equations (25) and (26), we derive the equation 
a8? = (u — a®)? + (4« — Aa)*tan*¢d, .. .. (47) 
and then dividing throughout by a? and differentiating gives 
ute Sete tan? ga’ 48 
= a— ta (da — 4m) an’ $a je .. (48) 
Secondly, from equation (45) by the use of equations (25) and (26) we find 


that 
a2B%y’ = (2au — Au — Aaja’ tan d ne .. (49) 
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Finally from equation (42) we obtain 
a? (62 + B*y’*) = (402 + A® tan® dja”? — 2an’BR’ — a'2B® .. (50 
— equations (25), (47), (48) and (50) it may now be shown that 


82 + BY’? — 32 — =F cos (0 + »)} = <a sec g, .. (51) 


where the positive root has been taken, for if sec ¢ is positive, i.e. the thrust is 
in the ‘‘forwards’’ direction and tends to increase the angular momentum per 
unit mass (4 /a)*, « is decreasing and «’ is negative. 
From equations (25), (26) (41), (47), (48) and (49) we may now deduce from 
equations (34)—(38) that 
jw u—a 





da Aa? tan ¢ - 
, Ow u+ a? “ 
“ Ga’ Aatan¢’ es ee ee (53) 
a»  (u—a)? + (u — Aa)(2Aa® — 3ua? + wu?) tan? d (54) 
op Aa® 8 tan 4 Jae 
, Ow “u— a? 
“or =a hy ee odo ee) 


and then substituting these results in equations (31)—(33) and employing the 
results (25), (26), (48)—(50), we obtain 








x =S(1 — 4) c0s ¢, a ee ree gear 

X= (*Z* +1) cs 4, be Sh lee ee 

Of (u—a?)S—{A®at-+ A(A?—3u)a3+3u(u—A*)a®+ Au(u+ A2)a—s}tand , 

wif AaB sec p ah a 
l : 

e =3() + iu of} cma h + oy (© — A ER «8 .. (60) 





os =(4- 7)sing. ~ Ka ie oa ‘3 ia .. (61) 


It is now easy to verify that equations (31) and (33) are satisfied. 


We have therefore shown that a stationary mode of transfer from one orbit 
to another is via a single impulse. This impulse must clearly be applied at the 
point of intersection of the two orbits and hence the solution so far obtained is 
useless when there is no such point, as will generally be the case in practice. A 
more general solution must therefore be sought and is deduced in the next 
section. 
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Substituting from equation (51) into equation (30), we obtain immediately 
a result giving the fuel consumed during an impulsive thrust, namely 
M l 1 
ic aw Ecco 9 
pte log M, - x ue sec ¢. ~ .. (62) 
5. Discontinuous Solutions. 

It is well known that it is possible to minimize an integral of the type given 
in equation (30) by functions which satisfy Euler’s equations except at points 
at which they are discontinuous in their first derivatives.? In our problem this 
means that the fuel may be minimized by employing two or more impulsive 
thrusts in order to effect transference. In the period between thrusts a, B, y 
remain constant and «’, 8’, y’ are discontinuous from one impulse to its successor. 
At such a discontinuity @f/d«’, af/2p’, Af/ey’ must be continuous for optimum 
transfer. If therefore (u,, 0,,A,, $), (U2, 92, Ae, 62) characterize two successive 
impulses separated by a discontinuity at the point («, 8, y), the results (58), 
(60), (61) yield the conditions 


2 2 
Ce : + 1) cos ¢, = (* 5 Sn + 1) COS do, ve iat .- (63) 


Ae 








1% 
(a + +) (uw, — a?) cos d, + (mu, — A x) tan ¢, sin ¢, 
1 
= (1 a +) (uw, — x”) cos dy + (ug — Agu) tand,singds, .. (64) 
Ag 


(2 —A :) sin ¢; = (+ —& ‘) sin dy. oe oa se ++‘ (65) 
444 ge § 


In addition, since «, 8, y are continuous from one impulse to the next, we also 
have the equations 


aB cos (0, + y) = 4, — a’, .. - , (66) 
aB sin (0, + y) = (wu, — A,a) tan ¢, ‘a .. (67) 
aBcos (0, + y) = u,— a’, .. (68) 
a8 sin (0, + y) = (#, — Agu) tan d, (69) 


Consider a two-impulse transfer from the orbit («,, 8,, y,) to the orbit 
(%», Bs, ¥2). The boundary conditions are 


a,8, cos (0, + y,) = u — a, .. (70) 
a, 8, sin (0, + y,) = (uw, — Ayx,) tan d,, .. + ae 
HB, cos (0, + ye) = Ug—a*g, - ~- (72) 
a8» sin (8. + ye) = (ug — Aga) tan dy. .. .. (73) 
Altogether we have now 11 equations from which we may determine the 11 


unknowns «, B, y, #, 9;, Ay, $y, M2, 9, Ag, 2, Specifying the optimum mode of 
two-impulse transfer. The fuel consumed during each period of thrust is 
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obtainable from equation (62) and the total must then be compared with that 
necessary for a single-impulse transfer (if this possibility exists). The conditions 
under which the single-impulse mode is the more economical are not known, but 
such cases exist. 

Eighteen equations may be written down, determining the 18 unknowns 
associated with a mode of transfer employing three periods of thrust, but it is 
suspected that no more than two impulses need be employed to achieve an 
absolute optimum mode of transfer. 

Equations (63)—(73) cannot be solved analytically in the general case, but in 
the particular case of transfer between two orbits differing only in the orienta- 
tions of their major axes, considerations of symmetry permit an analytic 
solution to be obtained. This is given in reference (6). Though this case has 
little practical significance, it may serve as a simple test case, by consideration 
of which we may hope to ascertain the practical significance of the above theory. 
It is found, for example, that the optimum orbit is very closely approximated 
by an ellipse which is tangential to both terminal orbits. It is expected there- 
fore than a first approximation to the solution of the equations (63)—(73), will 
be the most economical mode of transfer via an ellipse tangential to the 
terminals. There are an infinity of cotangential ellipses and a method for 
calculating the most economical is described in reference (8). Regarding this 
as an approximation to the optimum mode, we may expect to be able to improve 
the approximation indefinitely by the appropriate use of the equations (63)—(73). 


6. Hohmann’s Problem. 

This is the problem of obtaining the optimum mode of transfer between two 
circles. Evidently at least two impulses are necessary to effect transfer. We 
shall not consider transference using a larger number. Let the circles be 
1/r = a, and 1/r = a@?,(a,>a,). In this particular case u, = a*,, wy = as, 
B, = B, = 0 and hence equations (63)-(73) take the form 


2 2 2 _ 2 
(“EX +1) 00s = (“2E* +1) cos $y aS ee 


Aya 








(1 + +) (a?, — a?) cos ¢, + (a*, — Aa) tan ¢, sin d 


= (a +) (a?, — a®) cos dy + (a®, — Aga) tand,sings, .. (75) 
2. 


(3 A,) sin ¢, = (G2-4s) sing, .. “> :s .. (76) 
aBcos (0, + y) =a%,—a’, .. Pa .. (77) 

aB sin (0, + y) = (a®, — A;a) tan ¢,, En .. (78) 

aB cos (0, + y)=a%,—a’, .. bi .. (79) 


aB sin (0, + y) = (a*, — Aga) tan dy, fo 
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(a, — A,) tan gd, = 0, “a ex -. (81) 
(x, — Ag) tan ¢, = 0. me as -. (82) 


A, = a or A, = &, will be found to lead to contradictions and accordingly we 
accept ¢, = ¢, = 0 as solutions of equations (81) and (82). ¢,=7,¢,=7 
would be solutions appropriate to a reduction in radius. The following results 
may now be deduced from the remaining equations 


1, — VITA, _ _ VAT A | 
444 a2, + 3a?, =. 3a2, + a2, . | 
| 
0,.—OQ,=7, A+y=90, .4+y=7, > (83) 
@.2 — af 
a? = d(a,%+%,), B= Bn PE EE 
: : V/ 222, + a5) J 


The above results correspond to a mode of transfer by two tangential 
impulses applied at each apse of any cotangential ellipse. The total fuel 
expenditure follows from equation (62) and is given by 


M, 2 
te log —° = (a,2 — a? FS RRS —a,). .. (84 
pte log M, (a,? — a?,) NV at +a, (a, — &q) (84) 


7. Recommendations. 

Further research in this field might usefully attempt to solve the following 
problems: 

(a) What is the most convenient numerical method of solution of the 
equations (65)-(73)? Such a method having been developed it might be applied 
to various test cases in order that the physical significance of these equations 
be clarified. 

(o) How may the optimum number of thrusts be decided in any particular 
case? Are there circumstances in which this number is greater than two? 
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(c) The extension of the above theory to the three-dimensional case. 

Clearly this may be achieved by the introduction of two further co-ordinates 

. to supplement «, 8 and y and the solution will involve a number of impulsive 
thrusts. 

(zd) Minimization when the time of transfer is specified. This problem is 
almost certainly difficult on account of the complex manner in which the time 
variable enters into the theory of orbits described under an inverse square law. 
A preliminary investigation has, however, been attempted.*® This problem will 
begin to assume more importance when the necessity for fuel economy ceases 
to be as pressing as it is at present and will be in the near future. 
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COST AND AVAILABILITY OF HIGH-ENERGY 
ROCKET PROPELLANTS* 
By G. V. E. THompson, B.Sc., A.R.C.S., A.R.LC, 


Interplanetary flight is not only technically possible but certain to be 
achieved within the next quarter-century. Even if there were no evident 
advantages in doing so (and there are, of course, many), it would still be worth 
while to make one trip to provide the final proof of its possibility. However, if 
astronautics is to develop further and become a permanent feature of human 
life—as permanent as the air travel of to-day—then it will be necessary to 
consider not only the technical questions, but also the economics of inter- 
planetary voyages. This is especially likely to be the case if these journeys are 
undertaken as part of a peaceful, rather than military, project—as we in the 
I.A.F. desire. At the moment, it is obviously quite impossible for us to form 
any idea of the probable cost of an interplanetary expedition ; that would involve 
too great an extrapolation from the slender data at our disposal. It is possible, 
however, to consider the cost of the propellants, and these will make up the 
largest item in the list of consumable things, largest in bulk if not in value. 

One purpose of this paper is to compare the cost of various high-energy 
propellants which are of potential importance, but which have not yet found 
application in rockets because they are not yet available in commercial quantities 
or are difficult to handle. Some of them are listed in Table I, which gives the 


* Presented at the Third International Congress on Astronautics. 
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TABLE I 


SpEcIFIC IMPULSE (SEC.) FOR VARIOUS PROPELLANT COMBINATIONS 
Chamber Pressure, 40 atm. Expansion Ratio, 40: 1 












































FUEL 
~ Liquid | Liquid 
OXIDANT Hydrogen| Ammonia}/Hydrazine} Methane | Lithium | Beryllium 
Liquid Oxygen ay 370 260 290 270 340 360 
Liquid Ozone 7 400 | 280 300 290 4 360 : 380 
Fluorine i ae a 380 270 320 280 370 390 
Chlorine Trifluoride | 320 220 | 260 240 | 320 | 340 
Fluorine Monoxide .. 390 280 % 320 280 r 370 370 
Nitrogen Tetroxide.. 360 250 270 260 330 350 




















Note: The above figures are approximate only, particularly those for the light metals. 


specific impulses for various combinations of fuel and oxidiser. An evaluation 
of the cost of producing them in large quantities will enable us to decide which 
seem to be the most suitable for use when we engage in space-travel on a con- 
siderable scale. Other questions, such as density, stability, ease of ignition, 
toxicity, corrosivity, etc., must be taken into account before a final choice is 
made, but these will not be dealt with here. If two fuels satisfy our requirements 
more or less equally, the cheaper one will be chosen. The combinations of 
propellants that have been suggested from time to time run into hundreds; 
only a limited number are considered below. These show considerable promise, 
although much development work will have to be done before some of them can 
be produced and handled in large quantities. 

But even if a substance is cheap, can be used to develop a high specific 
impulse, and has other desirable properties, it still may not be possible to employ 
it as a propellant for spaceships. There will be other applications for it and the 
quantity available on the Earth may be insufficient to meet every demand. 
Then some of the applications will be prevented or curtailed, either by a rise 
in prices or by governmental action. Consequent upon the many new scientific 
discoveries, the increasing population of the world, and improvements in the 
standards of living of backward peoples, there has been a rapid growth of 
industry leading to shortages in many raw materials. Conferences have been 
held to discuss the conservation of the Earth’s natural resources, and many 
warnings have been uttered about the supply of this or that mineral running 
out in 20 years or so. One may well be slightly sceptical about this, since new 
orefields are continually being discovered and there are vast areas of the land 
surface of the Earth which have yet to be prospected properly. Nevertheless, in 
considering possible propellants it is desirable to investigate their availability. 
The quantities required for space travel may well be so large as to rule out many 
gtherwise attractive fuels. 

There is another point of some importance. Although most human activities 
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result in depletion of the world’s resources (raw materials are mined or 
harvested, manufactured into goods, used for a time, and eventually thrown 
away), nevertheless it is often possible to salvage some of the waste. materials. 
Thus scrap metals can be remelted and refined, paper can be repulped, sewage 
converted into fertiliser, etc. When a spaceship is launched, however, although 
a proportion of the exhaust gases will remain in the Earth’s atmosphere, it is 
probable that the bulk of the propellants carried will be dissipated in inter- 
planetary space after combustion. It would obviously be impossible to permit 
this continuing indefinitely if the propellant concerned was an element essential 
for human existence yet only present on the Earth in small quantities. 

In discussing availability, it is necessary to have some rough idea of the 
quantity of propellants that will be required; this will also influence costs, since 
the price per pound usually drops as consumption increases. It will be assumed 
that 1,000 tonnes/day is needed; since the amount of propellant needed for a 
daily Earth satellite supply trip will probably be of this order. 

The cost estimates given below are tentative, and must not be taken too 
seriously. The actual values will depend on whether it is possible to prepare 
the propellants at the launching site (which may well be on some remote 
equatorial plateau) or whether they must be transported there from far-off 
industrial areas. Cost of fuel or power will vary from place-to place, and the 
overheads to be included are uncertain. Changes in the value of money may 
take place as time passes. Since these considerations apply to each of the 
propellants, the estimates should be regarded as relative, rather than absolute, 
values. To add a touch of realism, all costs are given in U.S. dollars. 


OXIDANTS 
Liquid Ozone 

Ozone is normally prepared by the action of the silent electrical discharge 
on oxygen, of which it is an allotrope. Oxygen itself is usually obtained from 
air; production by electrolysis of water is possible, but this is a chemical process 
and is normally done to prepare hydrogen, the oxygen merely being a by-product. 
Since air is a mixture, oxygen may be separated from it by purely physical 
methods, normally liquefaction and fractional distillation, heat exchangers 
being used to increase the efficiency of the process. Raw materials cost nothing, 
and with fairly cheap power liquid oxygen can be produced in quantity at under 
$70 per tonne. 

Liquid ozone has been known since 1880, but until recently had only been 
prepared in small quantities. Whilst the pure liquid is stable, if contaminated 
with liquid oxygen it is sensitive to shock. Since 1941, the Armour Research 
Foundation of Illinois Institute of Technology has been investigating problems 
connected with the preparation and handling of 100 per cent. liquid ozone in 
bulk, the work being sponsored by the Air Reduction Corporation. These 
problems have now been solved, and large-scale industrial production is 
scheduled to start within the next two years. Although Armour has data on 
the cost of producing liquid ozone, this information has not yet been published, 
because of its potential military uses. In the gaseous state, ozone is available 
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in the U.S. at about 18 cents a pound when supplied in concentrations less than 
3 per cent. by weight.! It is probable that liquid ozone can be provided at much 
less cost than this when it becomes commercially available. By cooling an 
ozonizer to liquid nitrogen temperature, 99 per cent. of the oxygen supplied can 
be converted. Theoretically, 1-2 kg. of ozone gas can be-prepared per kWh., 
corresponding to a cost of about $14 per tonne. In practice, the power con- 
sumption is much greater than this, but no doubt with experience it will be 
possible to improve the efficiency of the process. Liquefaction costs are probably 
somewhat greater than those for oxygen. 100 per cent. liquid ozone should 
therefore eventually be available at about $100—-120/tonne for large quantities. 

The availability of ozone depends on that of oxygen, which fortunately is 
very abundant. It forms almost 50 per cent. of the Earth’s crust, although 
most of this is combined in a form unsuitable for our purposes. Our atmosphere 
weighs about 4 x 10" tonnes, and therefore contains about 8 x 10! tonnes 
oxygen. Probably the most important consideration in deciding how much of 
this is available for astronautical purposes (both in propellants and in the 
provision of respirable atmospheres) is the effect that the resultant change in 
the composition of the air might have on biological processes. If it be assumed 
that a reduction in oxygen concentration of 2 per cent. (from 21 to 19 per cent.) 
will have no injurious effect, then about 8 x 10'* tonnes oxygen is at our 
disposal. Using this at the rate specified above (1,000 tonnes/day), it is seen 
that our allocation is sufficient for 220 million years! Even if hundreds of 
spaceships are launched daily and large quantities of oxygen are supplied to 
spacestations and lunar bases, our reserves are quite adequate. Moreover, 
oxygen could also be obtained as a by-product in the electrolysis of water. The 
oceans are estimated to have a volume of 1-370 x 10° km*., representing 
1-370 x 10% tonnes of water or some 1-2 x 10" tonnes of oxygen. If another 
8 x 10'* tonnes oxygen (plus 10'* tonnes hydrogen) were prepared from water, 
the resulting fall in sea level would only be 20 cm. or less—a small chang in 
comparison with tidal effects, although it might be sufficient to affect the climate 
in some regions. 

In passing, it may be noted that these figures indicate that large quantities 
of hydrogen peroxide could also be prepared if required. With both liquid 
ozone and hydrogen peroxide, in fact, output is more likely to be limited by 
insufficient power supplies than by raw material shortages. 


Liquid Fluorine 

Although rocket enthusiasts have long been interested in liquid fluorine as 
a possible oxidant, it has only recently become available commercially. In 
Great Britain, the Imperial Smelting Corporation is at present supplying 
fluorine in 4-lb. cylinders at between £5 and £10 per Ib. dependent upon the 
total quantity required—equivalent to $27,000-$54,000 per tonne. Its main 
use at the moment is in the production of certain fluorides and the fluorination 
of organic compounds, but no doubt many other applications will follow, and its 
wider employment in industry will lead to price reductions. If it is eventually 
made on the scale we are considering, liquid fluorine should cost about $300—$500 


per tonne. 
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Fluorine is eighteenth in the order of abundance of elements in the earth's 
crust, but even so it only makes up 0-03 per cent. of the crust. Its most impor- 
tant source is fluorspar, CaF,. The annual world production of fluorspar is 
about 700,000 tonnes, although during the recent world war it rose to over 
1,000,000 tonnes. Of this, about 60 per cent. is used as a flux in steel-making, 
25 per cent. in the production of hydrofluoric acid, etc., and 10 per cent. in the 
glass and ceramic industries. The production of 1,000 tonnes fluorine/day would 
require 750,000 tonnes of fluorspar per year as raw material, t.e. world production 
would have to be doubled. Since doubts have already been expressed about 
the ability of the known reserves to meet present needs for more than a few 
decades, it seems unlikely that fluorine could be used on a really large scale as 
a propellant. To do so would probably necessitate restricting its use in other 
applications, which is possible in some cases, since substitutes are available, 
although more expensive. 


Chlorine Trifluoride 

This compound may be prepared from the elements. Since it contains 38-35 
per cent. chlorine and boils at 12°C., it is cheaper than liquid fluorine. In 
Great Britain Imperial Chemical Industries, Ltd. supply it a 15s. per lb. for 
75-lb. cylinders—equivalent to $4,200 per tonne. Like fluorine itself it is mainly 
used for organic and inorganic fluorinations in comparatively small quantities. 
With large-scale production, it should be possible to reduce the cost to $200—$250 
per tonne. 

Chlorine is eleventh in order of abundance of the elements in the Earth’s 
crust, the major portion being present in the oceans (which contain 1-935 per 
cent. or 2-65 x 10!* tonnes), from whence it may be readily extracted. As 
mentioned above, fluorine is in relatively short supply. Weight-for-weight, the 
availability of chlorine trifluoride for large-scale use is better than for fluorine, 
but it is still by no means as good as might be desired. 


Liquid Fluorine Monoxide 

This is most readily prepared by bubbling fluorine through a solution of 
caustic soda (half the reacting fluorine being converted into sodium fluoride), 
and liquefying. It is not produced commercially yet, and it would seem 
desirable that a more efficient process should be developed. If this is not 
possible, it is unlikely that quantity fluorine monoxide will be obtainable at 
under $400—$600 per tonne. 

Fluorine monoxide contains 70-4 per cent. fluorine, and its availability is 
therefore about the same as for chlorine trifluoride. 


Nitrogen Tetroxide 

Many experiments with nitrogen tetroxide as a rocket propellant have been 
made, and a useful survey of its properties was made by D. H. Ross of the 
Solvay Process Division of Allied Chemical and Dye Corporation.? This company 
is producing nitrogen tetroxide in a pilot plant, and supplying it in cylinders 
and tonne containers at l5cents per lb. ($300 per tonne). Commercial production 
will start in early 1953, when the price may fall to under $200 per tonne. Ross 
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thought that ultimately a price of $100 per tonne was possible. He also pointed 
out that nitrogen tetroxide was potentially available in good supply: assuming 
that only 10 per cent. of all ammonia were oxidised, the United States alone 
had a potential of about 1/2 million tonnes nitrogen tetroxide annually. In 
fact, just as in the case of ozone, sufficient nitrogen tetroxide could be prepared 
from the atmosphere for several million years’ operation on the scale 


envisaged. 


FUELS 


Liquid Hydrogen 

Since it is the lightest substance of all, hydrogen is perhaps the most impor- 
tant of the potential fuels (it is also of interest as a possible working fluid for 
atomic rockets). Gaseous hydrogen has been obtainable commercially for many 
years and large plants have been built for producing the gas for various chemical 
processes, but until recently the liquid was produced in only a few research 
laboratories (thus at the Clarendon Laboratory, Oxford, a liquefier installed in 
1946 produces 13 1./hr.).* It is evident, however, that much work is being 
carried on in this field Arthur D Little, Inc., of Massachusetts, is now supplying 
hydrogen liquefiers in capacities ranging from 40 1./hr. to several tonnes/day. 
Aerojet Engineering Corporation is running a plant with a capacity of 12 Ib./hr. 
and has designed a darger liquefier capable of producing 120 lb./hr. (Aerojet 
has also made experiments with a liquid hydrogen/liquid oxygen rocket motor 
which developed 3,000 Ib. wt. thrust). Large liquefiers are almost certainly 
installed or being built at the principal atomic energy plants for use in connection 
with the hydrogen bomb, nuclear propulsion or low-temperature research. 

Three industrial methods for preparing hydrogen are in general use—reaction 
of steam with iron, reaction of steam with charcoal, and electrolysis of water. 
This is itself an indication that costs are about equal, choice of process depending 
on availability of electric power, etc. For our purposes, however, the electrolytic 
process would probably be most suitable, since it gives a purer product. There 
is also the by-product oxygen to be considered ; this could be used as a propellant 
itself or converted into ozone, but is of comparatively little monetary value, 
owing to the ease with which oxygen may be separated from the air. Gaseous 
hydrogen can be produced at a cost of about $1,500 per tonne, and liquefaction 
costs would amount to under $50 per tonne. For 1,000 tonnes/day, the cost of 
liquid hydrogen could probably be reduced to $1,000 per tonne, or less. 

The availability of hydrogen is excellent. It is the ninth most abundant 
element in the Earth’s crust, and is mainly present in the form of water, from 
which it is readily prepared. The oceans contain about 1-7 x 10" tonnes 
hydrogen. Since over 9,000 tonnes water per day would be required to produce 
the amount of hydrogen specified, it would be best if the propellant plant could 
be located near a large river, lake or reservoir, but if not possible the water could 
easily be sent to the plant by pipeline or canal. It will be even more essential 
for a liquid hydrogen plant to be near the launching ground, so that the fuel 
does not have to be conveyed a long distance. 
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Atomic Hydrogen 

The use of the atomic form of hydrogen is suggested because of its greater 
energy content, but this is necessarily accompanied by a tendency to revert to 
the molecular state. It is normally prepared by passing hydrogen gas through 
an electric discharge or over a heated tungsten filament, but atomic hydrogen 
has a half-life of only about one second so that it must be used instantly (as in 
welding). It also loses its activity on cooling to liquid air temperature, so that 
it cannot be liquefied. If it is to be used as a propellant it will be necessary to 
discover either some way of preparing it in the spaceship motor itself with only 
simple equipment, or a method of stabilizing it in the liquid state so that it can 
be prepared on the ground before flight. The first alternative might require the 
use of nuclear energy; the second seems impracticable at first glance, but is not 
inconceivable. A method similar to molecular distillation could be used—a 
molecular beam of hydrogen at a low temperature could be passed to a station 
at which energy was supplied to dissociate the molecules and then cooled to a 
temperature approaching absolute zero and collected in bulk, possibly incor- 
porating some stabilizing agent. If the atoms could be cooled instantly to a very 
low temperature by some such means, the equilibrium might be frozen so that 
they did not recombine even in the liquid state. All this is hypothetical, how- 
ever, and even if such a liquid could be prepared, there would be many difficulties 
(pumping, handling, etc.) to overcome. It is therefore impossible to consider 
the cost of atomic hydrogen at this stage. Its potential availability is, of course, 
the same as for the molecular form. 


Liquid Ammonia 

Anhydrous ammonia is currently available at $80 per tonne, and although 
the manufacturing cost would be less than this, it is unlikely that the cost will 
be reduced appreciably by future developments. The annual world production 
of nitrogen compounds amounts to about 5 million tonnes, and in the United 
States alone 1} million tonnes of synthetic anhydrous ammonia are produced 
annually. An extra 365,000 tonnes per year could be readily produced, and as 
indicated above, the reserves of the elements concerned (nitrogen and hydrogen) 
are considerable. 


Hydrazine 

This is prepared by oxidizing ammonia with hypochlorite solution in the 
presence of a colloid, the hydrate being sold in Great Britain and U.S.A. at 
$6,000- $7,000 per tonne. Production is increasing considerably and it is likely 
that this price will drop soon. Eventually it should be possible to produce it 
in bulk at about $200 per tonne. Ammonia being the principal raw material, 
the availability of hydrazine may be considered excellent. 


Liquid Methane 

Methane is most readily obtained from natural gas, which contains about 
80 per cent., but could also be prepared from petroleum, coal, waste vegetable 
matter or metal carbides. Liquid methane made from natural gas would cost 
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$5-$10 per tonne; that from other sources would be more expensive. Avail- 
ability of natural gas is excellent: the proved reserves of the United States alone 
amount to 4,200 million tonnes (present world consumption is about 20 million 
tonnes annually) and new discoveries more than offset increasing consumption. 
Utilisation of natural gas outside the U.S.A. is very small, although fields 
do exist. 


Lithium and Beryllium 

These ultra-light metals are sometimes suggested as propellants; prices are 
about $130,000—$170,000 per tonne for beryllium, $20,000 per tonne for lithium 
(quotations are given for pound lots). Quite apart from questions of price, 
however, there are other reasons why these substances are unlikely to be used 
for this purpose. The latest estimate of world beryllium reserves is only about 
190,000-tonnes of beryl (containing less than 4,000 tonnes beryllium). No doubt 
this total will be increased as time passes, but beryllium is unlikely ever to be 
plentiful. Lithium is as abundant as zinc, but widely distributed, there being 
few workable deposits known at the present time. Although in better supply 
than beryllium, lithium must also be considered a scarce material. It is unlikely 
that either could be spared from their present uses (beryllium in copper-beryllium 
alloys and to a minor extent in atomic energy work; lithium in ceramics, 
lubricants, tracer shells and as a heat-exchanger fluid in atomic energy plants, 
etc.). Prices are unlikely to fall unless large deposits of workable ore are 
discovered. 


Conclusions 

Table II summarises the above information. It will be seen that liquid 
oxygen is likely to remain the cheapest oxidant, but it will meet competition 
shortly from nitrogen tetroxide, and ultimately also from ozone. All three 
are in excellent supply. Fluorine, chlorine trifluoride and fluorine monoxide are 
likely to be much more expensive, and fluorine ore reserves are not too plentiful ; 
for these and other reasons (e.g. the dangers to plant and animal life of possible 
pollution of our atmosphere with fluoride exhaust gases) all fluorine-based 
oxidants are considered unsuitable for use in large-scale space travel. Methane 
is by far the cheapest of the fuels discussed, but is less desirable as regards 
specific impulse. Lithium and beryllium are not only inordinately expensive, 
but too rare to be used. Ammonia and hydrazine are cheap and in good supply. 
Liquid hydrogen is comparatively expensive—this is to be expected with costs 
reckoned on a weight basis, in view of its low molecular weight. The high 
specific impulses obtainable with hydrogen would mitigate this to some extent, 
since fuel consumption would probably be less. 

As was mentioned in the introduction to this paper, cost and availability are 
not the only questions to be considered in choosing between two alternative 
propellants. This can only be done by means of design studies and calculations 
of constructional and overall operating costs. However, even with travel on 
the scale envisaged the annual bill for fuel and oxidant would amount to only 
one or two hundred million dollars—or perhaps as much as $400 million if 
hydrogen be used. In addition to this, there is, of course, the capital expendi- 
ture on the launching base and spaceships, and the cost of operating the base. 
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TABLE Il 
AVAILABILITY AND ESTIMATED Cost OF PROPELLANTS 
(Large-scale Production) 












































Cost 

Propellant ($ per Tonne) Availability 
Liquid Oxygen .. ws 70 Excellent 
Liquid Ozone... *100-120 Ka 
Liquid Fluorine. . a *300-—500 Doubtful 
Chlorine Trifluoride << *200—250 a 
Fluorine Monoxide a *400—600 et = 8 
Nitrogen Tetroxide _ 100-200 Excellent o 
Liquid Hydrogen “iy *1,000 Excellent 
Liquid Ammonia ve 80 - 
Hydrazine a st *200 ite sie ci 3 i 
Methane .. os en 5-10 i Good oa 
Lithium .. <u re 20,000 Very Poor 
Beryllium ee os 130,000 Not Available 











* Present costs are considerably greater. 


The outlay on the ground equipment can be spread over several years, and when 
spaceships are built they will be designed not for a single journey (like to-day’s 
guided missiles) but for several years’ use, like other transport vehicles. When 
it becomes possible to prepare estimates of the total cost it is unlikely to exceed 
the sums which the nations or their rulers are at present prepared to spend on 
military purposes. With the construction of the lunar base, production of 
propellants on the Moon itself, and the bringing of cargoes back to the Earth, 
space travel will become cheaper, but even so it seems certain that it will never 
be possible for typists to afford a fortnight’s holiday on the Moon, as was 


recently suggested. 
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SENSORY PERCEPTIONS OF THE WEIGHTLESS 
CONDITION* 


By ALAN E. SLaTerR, M.A., M.R.C.S., L.R.C.P. 


One of the unsolved problems of space flight is the question whether the 
passengers willbe able to tolerate the absence of any sensation of weight. 

There are four principal kinds of bodily sensation which give us a sense of 
gravitational pull, either consciously or unconsciously. So the question to be 
answered is whether the absence of all four together will give rise to discomfort. 

Firstly, our nervous system is continually informed of the state of tension 
of the muscles which we use in balancing. But when we lie down, these muscles 
are no longer used; yet we feel quite comfortable without needing to be aware 
of their activity. 

Secondly, we feel a sensation of pressure on any part of our body which 
is being supported by a solid object; yet when we float in a swimming bath we 
can lie comfortably without feeling the need for any such sensation. 

Thirdly, the weight of our various internal organs causes them to press on 
neighbouring structures within our bodies. But it cannot be argued that the 
mere absence of this pressure in any particular direction will cause discomfort. 
We can place our bodies so that these internal organs will be pressing towards 
the feet or head, the right or left side, the front or the back—that is, in any of 
six different directions. Yet whenever gravity is pulling in one of these six 
directions, its pull is absent in the other five. In the weightless state the pull 
of gravity will be absent in six directions instead of five, that is all. 

So we can do without these first three sensations on the Earth, and should 
do without them equally well in space. 

A fourth means of sensing gravity is provided by a set of specialized organs 
in the inner ear known as “‘otolith organs.” They register the direction, and 
changes in direction, of gravitational pull and of any other linear acceleration. 
(Gravity is, in effect, a linear accelerating force, though we only feel it as 
weight when it is prevented from accelerating us.) 

An otolith organ consists of a cavity, on one wall of which is a specialized 
membrane called the “macula.’’ The macula consists mainly of a layer of 
“hair cells,’ each of which ends in a microscopic hair projecting towards the 
inside of the cavity into a jelly-like layer of sticky mucus. Embedded in the 
mucus is a large number of tiny particles of calcium carbonate, called ‘‘otoliths” 
(ear stones). The otoliths can move a short distance in the mucus under the 
pull of their own weight, or in response to linear accelerations; this movement 
bends or pulls the hairs and so distorts the hair cells. Between the hair cells 
are nerve fibres, which convey messages to the brain in the form of repeated 
impulses travelling along the nerve. The impulses are all of the same strength; 
the only variable factor is their frequency. 

It has been suggested that, in the absence of gravitational pull, the messages 
carried to the brain along these nerves would be contradictory and confusing, 
and might cause troublesome symptoms, leading to incapacity of the ship’s 
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crew.! The fact that there are several otolith organs, with macular surfaces 
facing in different directions, lends weight to this suggestion. 

In the human head there are two pairs of cavities constituting the otolith 
organs; they are the “‘utricles” and “‘saccules.”” Both utricles, the left and 
right, have the layer of hair cells (macula) on the bottom surface, so that norm- 
ally the otoliths tend to rest upon the macula. But the saccules are differently 
placed ; each has its macula on the inner surface (nearest the centre of the skull), 
so that the hairs project outwards, and the weight of the otoliths tends to bend 
the hairs when the head is in the normal upright position. 

It seems obvious, from the construction of these organs, that we are able to 
sense the direction of gravitational pull because that pull is exerted on the 
otoliths. But if these otoliths are deprived of their weight, will the result 
be some form of ‘‘space sickness?” 


Experiments on Otolith Organs 

In recent years several physiologists have investigated the otolith organs 
of animals, and have succeeded in recording the actual impulses travelling 
along the nerves from these organs to the brain, by using an oscillograph to 
amplify the electrical changes which accompany each impulse. Information 
is conveyed to the brain by means of changes in the frequency of the impulses. 

This research has an important bearing on our problem, because we must 
know what messages reach the brain when the otoliths are influenced by 
gravitational pull, before we can conjecture how the messages will be altered 
when that influence is removed. It is the main purpose of this paper to discuss, 
in the light of this research, what role the otolith organs are likely to play in 
the weightless condition. 

The most important and thorough investigations on the nervous impulses 
from the otolith organs to the brain have been done by E. D. Adrian on the cat 
and O. Lowenstein on the Thornback Ray-fish (Raja Clavata). The author 
has discussed the latter in an earlier paper,? but since then Lowenstein has 
published fuller results, with the conclusions he has drawn from them .*.4 

Lowenstein chose a ray-fish because its skeleton is made of cartilage, which 
is softer than bone, and he was therefore able to dissect out a single nerve fibre 
at a time and thus avoid the confusion which would result when many sets of 
impulses are superimposed. He killed the fish by decapitation, pithing and 
removal of the brain, and then set up the posterior half of the cranium in such 
a way that it could be rotated in two planes—either round the longitudinal 
axis of the fish or round its transverse axis. The impulses along the nerve 
were recorded both while the fish’s head was rotating, and when it was held 
stationary in various positions. 

Altogether 40 experiments were made on the utricle of this type of fish, 
26 on the saccule and 34 on a third pair of otolith organs, called the lagenae, 
which are present in the fish but not in mammals. In his report on these 
experiments,* Lowenstein gives detailed descriptions of only four of those he 
made on the utricle; in the first and fourth he recorded impulses along a single 
nerve fibre, in the second a few fibres together, and in the third a pair of fibres. 

Lowenstein obtained an almost bewildering variety of responses from his 
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preparations; however, when they are sorted out, they are found to be of two 
extreme types, with many intermediate grades which combine the two extremes 
in various proportions.‘ The extreme types are: 

(1) Nerve fibres which give a maximum or minimum response just as the 
head has been rotated into a particular position; then, on the head 
being held stationary, the impulse rate reverts to a figure slightly 
below the maximum or slightly above the minimum (as the case may 
be), and thereafter remains unchanged at a rate characteristic of 
the particular position in which the head is now being held. 

(2) Nerve fibres which give the maximum response while the head is 
rotating in one direction, and the minimum when rotating in th 
opposite direction, and then, when rotation stops, revert to a fixed 
“basic’’ rate, no matter in what position the head then remains. 


As an example of an intermediate or mixed type, take Lowenstein’s first 
preparation of a single nerve fibre from the utricle. Starting with the head in 
the upside-down position, in which the discharge frequency was steady at 6 
per second, he turned it round the transverse axis towards the nose-down 
position, whereupon the rate gradually fell to 3 per second. The turn was 
continued and the rate rose to a maximum of 14 at the nose-up position, but 
fell to only 1 per second on regaining the original upside-down position after 
24 minutes. Another complete turn was made with similar results, and then 
the head was held stationary in the upside-down position, whereupon the rate 
rose in a few seconds from 1 to 5 and then remained steady. 

The preparation was then rotated twice in the opposite direction ; maximum 
frequency this time was reached when the head was right-way-up, or nearly so, 
and on the first circle the rate actually fell to zero at this point. This prepara- 
tion was exceptional in reacting only to turns about the transverse axis; in 
most cases, however, rotation about either axis would cause the discharge 
rate to vary. One of the fibres in the third preparation gave weak responses 
through part of the rotation circle, and none at all through more than half 
the circle. 

The other two pairs of otolith organs show less diversity. Lagena prepara- 
tions gave a sharp maximum of response in the right-way-up position, and a 
considerable number gave no response at all through more than half the turning 
circle. The saccule gave a response most often with a nose-down maximum, 
but only over a small part of its macular membrane; the rest responds to vibra- 
tions like an organ of hearing. 

Adrian’s experiments on the cat5 were made by pushing a fine wire into the 
brain-stem where nerve fibres from the balancing organs were known to pass. 
By this means he could pick up impulses from a few fibres at a time, though 
not from isolated single ones. The correct fibres were identified by seeing 
whether the impulse frequency varied with changes in the attitude of the head. 

The cats that he used had either had their brain removed, or they were 
anaesthetized. In the former case, one set of experiments on the right side 
of the brain-stem showed an impulse frequency of 6 per second with the head 
level; when it was tilted a few degrees to the left, the impulses ceased, but a 
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tilt 20 degrees to the right caused the frequency to rise to 95 per second (note 
that this is the aggregate rate from several fibres combined). In anaesthetized 
cats the maximum rate was only 40 to 50, and in a few cases no impulses were 
registered till after the tilting had begun. 

One preparation, which registered no impulse in the normal position, was 
tilted 15 degrees sideways and held in that position for 33 seconds; the impulse 
rate increased from 0 to 68 during the tilting, then gradually declined to 40 
per second. Evidently some of the increase was due to the act of tilting, and 
some to the head having taken up a new position, so that the messages con- 
veyed to the cat’s brain are of similar type to those detected in the ray-fish. 
Adrian, however, does not record whether the frequency in any one position 
varied with the direction of rotation by which that position was reached. 


Probable Response to Weightlessness 

Now, having gathered in all this knowledge, we can proceed with our main 
argument, which is to consider whether the many different otoliths, if they 
were without weight, would cause contradictory messages about themselves 
to be sent to the brain. Obviously, if the messages are contradictory, some 
of them must be false. Can an otolith give a false impression of what it is 
doing? 

The weight of an otolith must distort the cell or cells nearest to it. If the 
otolith pulls away from the cell (i.e. away from the macula), it pulls on the hair, 
which in turn must elongate the cell. If, on the other hand, the otolith slides 
parallel to the macula, it must deflect the hair, which will then bend the cell 
where the hair enters it, causing a second form of distortion. But if the otolith 
pushes towards the macula, it will try to transmit its weight through the hair 
to the cell; whether the hair will stand up to this or not is unknown, but anyway 
there should be some distortion of the cell, if only a little, whether the hair 
bends or remains stiff. (It may be questioned whether “‘distortion,’’ which 
implies a change from the normal, is the correct word in this context, since it 
implies that the weightless state is “normal,” which nature never intended it 
to be. What we really want to know is whether in this case the cell takes on 
a shape which causes stimulation of the nerve endings.) 

That the last position causes least disturbance of the frequency rate seems 
to be confirmed by both Adrian and Lowenstein. In trying to establish which 
direction of pull has most effect in changing the frequency rate of the nerve 
impulses, Lowenstein first says* (p. 408) that an increased frequency is found 
when the otoliths are pulling away from the macular membrane. But he found 
this, not as a result of the experiments already described, but when demon- 
strating that linear accelerations can give similar responses to those given by 
gravity. (In this case, inertia of the otoliths takes the place of weight.) 

However, he says that the gravitational experiments on the utricles showed 
preponderantly that increased frequency of impulses results from a gliding 
of the otoliths parallel to the macular surfaces* (p. 411). So he concludes that 
either direction of pull (away from the macula or along it) causes stimulation. 

Adrian concluded, somewhat similarly, that a pull of the otoliths away 
from the macula gives the strongest effect, but that a pull in the same plane 
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as the macula can sometimes give a stimulus too. Both are agreed that a pull 
towards the macula gives no increase of stimulus, and this observation is of 
importance in the discussion which is to follow. 

By now our problem seems to have been narrowed down to two alternatives. 
When the macula lies in the position of minimum stimulation, with the otoliths 
above it, some nerves are still found to transmit impulses to the brain. Are 
these impulses due to the weight of the otoliths distorting the cell, in which 
case they would either disappear or be altered in the weightless state? Or 
are they a “‘basic’’ phenomenon—a kind of spontaneous discharge—necessary 
to keep the nerve in good working order, in which case they would still be 
present in the weightless state and would give the brain false information? 
Let us take these alternatives separately, starting with the second. 

(1) That they are a basic phenomenon seems to be suggested by Lowen- 
stein’s second ‘‘extreme”’ type of response—that in which the impulse frequency 
reverts to the same basic rate after this rate has been altered by rotation, 
independently of the position into which the head has been rotated. If this is 
so, then in any preparation where the rate varies according to position, the 
lowest rate, which should be found in the position of least stimulation, might 
well be a basic rate. The brain would then interpret the basic rate, coming 
from such a nerve, to mean that the macula was in the position of least stimula- 
tion, i.e. below the otoliths, and that the cavity of that particular otolith 
organ is orientated so that the macula lies at its lowest part. Since this 
cannot be true of the utricles and the saccules at the same time, nor of both 
right and left saccules at once, the brain would be informed that the head was 
in three different positions simultaneously: upright, right-side-down, and 
left-side-down. Hence the space traveller is all set for an attack of space- 
sickness. 

(2) The second alternative is that, in the weightless state, the otolith 
organs will either not be stimulated at all (except by linear accelerations 
caused by voluntary movements of the head) or they will produce a frequency 
which is characteristic of weightlessness. In either case the brain will be 
correctly informed that the otoliths are not pulling in any direction. 

There are two pieces of evidence to support the suggestion that no impulses 
will be carried to the brain at all. 

One is, that when Lowenstein made similar experiments on the semi- 
circular canals, which inform the brain of angular accelerations because of the 
inertia of the fluid within them, he found that the nerve impulses may cease 
altogether when the fluid is being accelerated away from the sense organ at one 
end of the canal.* He attributes this to lack of distension of the sense organ; 
i.e. to lack of stimulus. These particular nerves, therefore, carry no impulses 
when there is no stimulation. 

The other piece of evidence is, that many of the nerve fibres of the otolith 
organs, in the experiments of both Adrian and Lowenstein, carried no impulses 
at all in certain positions of the head (all these cases have been mentioned 
above). Therefore it is not necessary for every nerve fibre to carry spontaneous 
impulses in the absence of stimulation; it also seems improbable that some 
need to do so while others do not. It is much more likely that if a particular 
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nerve always transmits some impulses, whatever the position of the head, then 
the nerve endings are always being stimulated to some extent, in whichever 
direction the otoliths are pulling. Such a nerve, therefore, is stimulated even 
when the otoliths are pulling towards the macula, but that stimulus should 
be absent when gravitational pull is absent, in which case no false messages 
will be sent to the brain. 

It should be pointed out that many deaf people, if their deafness is due to 
both middle ears being wholly out of action, receive no messages at all from 
the otolith organs, yet they do not complain of symptoms of space-sickness. 

Another suggested cause of space-sickness is that the information from the 
otolith organs will be correct, not incorrect or absent, and that they will give 
a constant sensation of falling, which will soon become intolerable. In so far 
as this suggestion is based on an analogy with sea-sickness and air-sickness, 
the analogy is false, because in these the sensation of falling is intermittent, 
whereas in weightlessness it would be long-lasting. H. von Diringshofen’ 
has repeatedly submitted himself to periods of weightlessness lasting 8 to 10 
seconds in an aeroplane, and reports that he found the sensation an agreeable 
one. 

It is now believed possible for a present-day aircraft to maintain its occu- 
pants in the weightless condition for up to half a minute continuously.* This 
should be long enough, in Lowenstein’s or Adrian’s preparations, to allow any 
stimulus due to change in gravitational pull to settle down to a “‘basic’’ rate 
characteristic of weightlessness. So the suggestion is here thrown out that 
similar experiments on nerve discharges from otolith organs should be carried 
out in an aeroplane during this manoeuvre. 

Another observation of von Diringshofen, reported by Bergin,’ is that when, 
after submitting himself to excessive g in a turn, the pilot flies straight and 
level, he gets a sensation of falling. This seems to suggest that the strength 
of the sensation of gravity depends not on its absolute value, but on the change, 
if any, from what has gone before. Another example of this is the sensation of 
climbing when in a tight turn, due to the feeling of excessive g, which passes 
off if the turn is continued. However, we must not hastily conclude from 
this that the sensation of weightlessness will similarly pass off during space 
flight, for the false sensations recorded by von Diringshofen appear to be due 
to involuntary movements of the eyes, set up by the otolith organs. So it 
is not necessary to postulate that the body gets “‘used’”’ to changes in the 
amount of g. 

This leads us to our final conclusion about the function of these organs. 


Real Function of Otolith Organs 

Why should primitive man, or in fact any animal, need to evolve a conscious 
knowledge of the direction and force of gravity? Surely all he needs is 
machinery for adapting his body automatically to its effects. This is certainly 
the main function of the otolith organs, for they control the tone of the muscles 
used for balancing, and cause instant adjustments of muscular tension whenever 


necessary. 
The other main function of these organs concerns the eyes. Whenever the 
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attitude of the head is changed, the eyes must move in relation to the head if 
they are to remain fixed on any object they happen to be looking at. The 
otolith organs see to this, due probably in part to their being sensitive to 
changes in the direction of gravity, and in part to their sense of the direction of 
rotation of the head, which Lowenstein has shown them to possess. (Note 
that they register angular velocity, not angular acceleration, which is taken 
care of by the semicircular canals.) If the apparent sensation of the direction 
of gravity is altered artificially in an experimental centrifuge (such as is used 
for testing tolerance to excessive g), the eyes are caused to move unconsciously 
and give the illusion that the chamber in which the experiment is done has 
been tilted.° The otoliths have been deceived. 

A remarkable observation, reported by W. Schnell,” is that if a diver is 
blindfolded under water, he cannot balance correctly, in spite of being in full 
possession of his otolith organs. It seems obvious from this that our otolith 
organs Can give us no conscious sensation of the direction of gravitational pull. 
They only give us that sensation indirectly and unconsciously by their control 
of the balancing muscles and of the eyes; and they were unable to help the 
diver referred to, because he was deprived of the need for action of these 
muscles through being immersed in water, and unaware of eye movements 
through being blindfolded. It should be noted that there is no record of this 
diver being “‘space-sick,’’ so why should a space traveller, when similarly 
deprived of his normal means of sensing gravity, be upset? 

And if the space-traveller gets false information from the otolith organs—a 
possibility which was suggested above—he is no worse off than an aircraft 
pilot flying blind on instruments, whose sensations can be equally false; yet 
such a pilot can quite successfully ignore what his otoliths tell him, and leave 
his instruments to do the job that nature has failed to do, i.e. show him which 
way up he is. 
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Summaries of Papers delivered by Other Societies. 


Following are summaries of other papers delivered at the Congress by other 
Societies. It is understood that the full texts of these papers will be published 
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BASIC ASTRONAUTICAL RESEARCH ON AN 
INTERNATIONAL BASIS 


By Inc. J. STEMMER 
(Schweizerische Astronautische Arbeitsgemeinschaft) 


Astronautics is at the dawn of its development. The conquest of space is 
an immense task and will only be accomplished by international co-operation. 
All known branches of science contribute their share to the solution of the 
problems and it is possible to discuss most of these, in a concrete manner, 
even to-day. 

There must finally be established an Institution or University for the 
training of engineers and scientists who will be engaged in the future on research 
and development of astronautics. Furthermore, an international research 
institute should be established which would be charged with conducting basic 
research. As a more urgent matter the International Astronautical Federation 
should publish an authoritative journal on astronautics in several languages. 
Until such time as a research institute is set up, such a journal would vastly 
stimulate basic research, and this basic work must be done before any project 
work can be attempted. 


CHEMICAL PROBLEMS OF SPACE-FLIGHT 


By PrRoFEssoR F. HECHT 
(Osterreichische Gesellschaft fiir Weltraumforschung) 


One of the most important problems is that of the provision of rocket 
propellants. More energetic propellants will be needed, and fuels such as 
diborane and lithium and oxidants such as fluorine and chlorine trifluoride 
should be thoroughly investigated. At the same time, production possibilities 
should be kept under constant review since these chemicals would be needed 
in very large quantities. Another major problem is that of constructional 
materials, particularly for combustion chambers. Some of the most promising 
are the carbides, borides and silicides of titanium, niobium, tantalum, vanadiam 
and tungsten. Others include zirconium, titanium, niobium, zirconium oxide, 
the sulphides of barium, cerium, thorium and uranium, and the borides of 
zirconium, cerium, thorium and uranium. Corrosion problems also need study 
and materials will have to be made available for the very low temperatures 
that could be attained in space. One special problem is that of providing a 
plastic glass for portholes that could withstand extremes of heat and cold. 

Among the biological problems is that of the chemistry of nutrition in space. 
Wherever possible foodstuffs should be in a highly concentrated form, such as 
pills. The influence of cosmic rays and the lack of gravity on metabolism will also 
need study. Also of great importance is the regeneration of the atmosphere in 
a spaceship cabin; this could be accomplished either by chemical means or by 
plants. When other planets have been reached, the breeding of food plants for 
hydroponic culture using the existing atmospheres will open up a whole new 
field for research. It has already been shown that there is some possibility of 
counteracting the effect of nuclear radiation on the human body by chemical 
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means and, if primary cosmic rays should prove to be a serious menace, a similar 
method of counteracting them might be found. 

The International Astronautical Federation should form a committee to 
enumerate the outstanding chemical problems of space-flight and. collect 
together existing knowledge having a bearing on these problems. 


ON THE OPTIMUM COMBUSTION CHAMBER PRESSURE 
OF ROCKET MOTORS 
By H. H. K6LLE 
(Gesellschaft fiir Weltraumforschung) 

The performance of a rocket depends, to a great extent, on the exhaust 
velocity and on the weight of the rocket motor. Analytical expressions for the 
variation of the all-up weight, or dry weight, respectively, with the exhaust 
velocity and motor weight are derived and are applicable to all rockets. Finally, 
approximate relationships for the motor weight and exhaust velocity as functions 
of the combustion chamber pressure are derived. Weights of individual 
components are also given as functions of the chamber pressure. 

Although it is hardly possible to give an analytical expression for the 
optimum chamber pressure, it is possible to determine the approximate optimum 
pressure by a determination of the variation of the all-up weight, or dry weight, 
of a rocket with motor weight and exhaust velocity. The variation of motor 
weight and exhaust velocity must then be determined. By combining the 
numerical results of both these investigations it is possible to determine the 
pressure at which either the all-up weight or dry weight becomes a minimum. 
As an example the first stage of a satellite rocket designed by the G.f.W. gives 
a flat optimum between 50 and 80 atmospheres pressure. 


THE OPTIMUM PROPORTIONS OF ROCKET COMPONENTS 


By Dr. R. A. CornoG and F. L. VAN DER WAL 
(American Rocket Society) 

Discusses the use of dimensional analysis in developing relationships which 
affect the weight of rocket fuel tanks, pumps, pipes, combustion chambers, and 
wings. It is shown that in a fuel tank of fixed diameter and length, the ratio of 
fluid weight to fuel tank weight is independent of the fluid density ; that a group 
of small fuel pumps operating in parallel weigh less than a single large pump 
having equal output, whereas the weight of a number of small diameter pipes 
connected in parallel is identical to the weight of a single large pipe having the 
same internal passage cross-sectional area. 

It is further shown that the ratio of combustion chamber weight to the 
thrust produced is directly proportional to the linear dimensions and that the 
maximum bending stress at the root of a wing is directly proportional to the 
square of the aspect ratio. 

Applications of these results, within the bounds of the assumptions used, 
are discussed. It may be concluded that significant improvements can be made 
in reducing the weight of the structural components of liquid fuel rockets, and 
that the weight of the wings and aerodynamic control surfaces required for a 
rocket-airplane of the Sanger-Bredt type need not be excessive. 
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FLUID PUMP FOR LARGE ROCKET MOTORS 


By G. E. JANZzON 
(Gesellschaft fiir Weltraumforschung) 





This new design of pump consists of a ring, divided into 24 chambers by 
curved radial walls. This ring revolves in a casing in which are a number of 
inlet and outlet slots. During the revolution of the ring, each chamber passes 
an inlet slot and is filled with the liquid to be pumped. Superheated steam then 
enters the chamber, forces the liquid out and the steam exhausts—this process 
is repeated three times per revolution. The ring is revolved by the reaction of 
the pumped liquid and has a speed of 120 r.p.m. The “steam” is produced in a 
gas generator which is started by means of the self-igniting propellants nitric 
acid and aniline. When the system is operating the propellants ethyl alcohol 
and oxygen take over from the nitric acid and aniline, together with water as 
a diluent to reduce the gas temperature to 1,030°C. Problems arising are those 
of foaming of the liquid being pumped and condensation in the chambers. 


SOME FUNDAMENTAL QUESTIONS CONCERNING MANNED 
AND UNMANNED SPACE-VEHICLES 


By Inc. A. HJERTSTRAND 
(Svensk Interplanetarisk Selskap) 


A comparison is made between step-rockets operating under the following 
conditions: (a) first step variable thrust, rest constant thrust; (6) constant 
acceleration for all steps; (c) first step constant thrust, rest constant acceleration. 
Taking into account a limiting acceleration, it is shown that both schemes (0) 
and (c) will give a better performance than (a). Although the propulsion systems 
for (b) and (c) are more complicated than for (a) this may be partly eliminated 
by careful design. 

Performances to be expected from liquid-propellant rocket motors within 
the reasonably near future do not justify the enormous expenditure which the 
development of a manned space-vehicle would require. On the other hand, 
experience which will be obtained with an unmanned instrument-carrying 
artificial satellite may warrant the development of a manned vessel. 


FURTHER DEVELOPMENT OF THE FREIGHT ROCKET 


By Inc. H. HOEPPNER and Diet. Inc. H. KUHME 
(Gesellschaft fiir Weltraumforschung) 


This is a development of the freight rocket design presented at the Second 
Congress in London, 1951. The vehicle is a four-step rocket intended for use 
between Earth and a satellite orbit at 1,670 km. altitude. The paper concen- 
trates mainly on safety aspects at launching, disposition of rocket motors and a 
catapult method of launching. 

The vehicle is launched from a tower 250 metres high which guides it until 
it has reached a velocity of about 200 km/hr., at which speed it is aerodynamically 
stable. Other advantages of the launching tower are that if the start is not 
quite right the rocket motors can be switched off and the vehicle returned to its 
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initial position, and that it can be used for launching practice without the 
vehicle leaving the guide-tube. A more favourable mass ratio is achieved than 
obtained in the first design by using an annular stabilising ring instead of fins, 
by housing the rocket motors for stages one and two in this ring (the motors 
are common to both stages) thus allowing stage one to consist of 
propellant tanks only, and by housing the motors of stage four in the wings— 
stage four being intended to return to Earth. The vehicle is given a start from 
a vertical catapult using generated gases, which is equivalent to another step. 
The overall dimensions of the project are all-up weight 915 tons (propellant 
weight 745 tons), length 35 metres, maximum diameter 14 metres, empty weight 
of stage four, 8 tons. 


PERTURBATIONS OF A SATELLITE ORBIT AT AN ALTITUDE 
OF 1,669 km. DUE TO THE OBLATENESS OF THE EARTH AND 
THE INFLUENCE OF THE MOON AND THE SUN 


By Dr. H. G. L. Krause 
(Gesellschaft fiir Weltraumforschung) 


The normal methods of investigation of the influence of the oblateness of a 
planet on the motion of its inner satellites, as well as the influence of other 
celestial bodies, cannot be applied in the case of the artificial satellite. The 
reason is that these methods treat circular orbits with almost no inclination to 
the equatorial plane. A method is developed to investigate secular perturba- 
tions for satellite orbits with any eccentricity and inclination. It is found that 
the inclination is the more important. The orbit under consideration is at 
1,669 km. mean altitude, has an eccentricity of 0-2, an inclination of 45 degrees 
to the equatorial plane and makes one revolution about the Earth in 1 hr. 
59 mins. 40-34 secs. The oblateness of the Earth results in (1) a regression of 
the line connecting the cross-over points of the orbit and the equatorial plane 
such as one revolution takes just over 105 days: (2) a clockwise motion of the 
line of apsides taking nearly 5 years; (3) a reduction of the time necessary for 
one revolution of the artificial satellite by 2-3 secs. per revolution. For an 
approximately circular path in the equatorial plane, effects (1) and (2) would both 
occur in just over 80 days. 

The Moon’s influence is 2-2 times as great as that of the Sun, but both are 
negligible. The combined effect is to cause the regressions (1) and (2) to take 
place in 2,000-3,000 years. The artificial satellite provides a means of verifying 
Einstein’s general theory of relativity by measuring the regression of the line 
of the apsides. 


THE PROBLEM OF RADIATION IN SPACE 
By Dr. C. WIESE 
(Nordwestdeutsche Gesellschaft fiir Weltraumforschung) 


Typical space conditions exist comparatively close to the Earth’s surface. 
Beyond the ionosphere the entire spectrum of solar radiation is effective. This 
consists of not only visible light but also infra-red and radio at the low-frequency 
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end of the spectrum, and ultra-violet, X-rays and gamma radiation at the high- 
frequency end. Radio waves are also emitted by other parts of the galaxy. The 
physical properties of these various emanations are considered. 

Besides cosmic rays there also exist high energy gamma rays and secondary 
neutrons in space, the latter being released as a result of nuclear reactions 
involving gamma radiation. All of these have a very high penetrating power 
and effective screening from them may be especially important for members 
of spaceship crews. 


THE STORY BEHIND THE V.2 


By Dr. W. DORNBERGER 
(American Rocket Society) 


The development of V.2 started in 1933 as a result of the German Govern- 
ment looking for a weapon that was not prohibited by the Treaty of Versailles. 
Progress was slow until the beginning of World War II, but even until July, 
1943, insufficient money was available for the project. This was due to Hitler 
taking no interest, as he did not believe that the rocket would ever play a 


- decisive part in the war. In July, 1943, Hitler finally recognised the poten- 


tialities of V.2 and from then on development and mass production went ahead 
rapidly. This support, however, was too late. 

The outcome of the war would have been different if sufficient quantities of 
V.2 could have been put into action in 1942. At the least, there would not have 
been the decisive bombing of German towns. Germany would have kept her 
supremacy in the air by anti-aircraft guided missiles and long-range missiles— 
not by fighter aircraft. 

In all, a total of 4,320 V.2’s were fired between 6th September, 1944, and 
27th March, 1945. 1,120 of these were against London and 2,500 against 
continental targets. 44 per cent. of these landed within a six-mile circle. 25 per 
cent. of all V.2’s were guided along a radar beam during the powered part of 
their flight and had a lateral dispersion of oniy + 1 mile. 


LEGAL PROBLEMS IN SPACE-FLIGHT 


By Dr. A. MEYER 
(Gesellschaft fiir Weltraumforschung) 


In contrast to the atmosphere, which for legal and political reasons is 
covered by the sovereignty of the individual nations so far as it is situated above 
such national territories, outer space as a whole must be considered as being a 
free territory. Although normal air law would not be applicable to the space- 
traveller, he would still be subject to the general legal obligation that his 
actions must not endanger other traffic or persons. 

The legal aspects of artificial satellites are similar to those that have already 
arisen regarding the construction of seaports in the open sea. It is admissible to 
build any artificial satellites in outer space just as it is admissible to erect 
seaports in the open sea. Moreover, any such artificial satellite would be 
covered by the sovereignty of the state that built it, and would not be auto- 
matically available for use by other states. If, however, other states were 
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allowed to use it then it should be available to all persons and nations without 
discrimination. 


EXPOSURE HAZARDS FROM COSMIC RADIATION AT 
EXTREME ALTITUDE AND IN FREE SPACE 


By Dr. H. J. SCHAEFER 


(American Rocket Society) 


Recordings in the lower stratosphere have furnished, in recent years, direct 
pictorial evidence for the so-called heavy nuclei-component of the primary 
cosmic radiation. This discovery places the problem of a possible exposure 
hazard for humans, in the region of the primary radiation, on a new basis. 

The heavy primaries are characterised by an extremely high specific 
ionisation and by a large radial spread of the ionisation dosage around the 
particle tracks. Both qualities are apt to endow them with a greatly increased 
biological effectiveness which cannot be measured adequately in terms of 
ordinary biological dosage units. 

The geomagnetic field exerts strong, deflecting forces on the charged 
primaries. This influence is strongest in the equatorial plane and weakest along 
the polar axes. The minimum energy of the primary spectrum, therefore, 
shows a marked latitude dependence. Since the low-energy heavy nuclei 
represent the most harmful type, the exposure hazard can be expected to be 
substantially higher at the polar cap than in the equatorial belt. 

For interplanetary space a conclusive answer with regard to the exposure 
hazard cannot be given since no experimental data on the genuinely “‘primary”’ 
spectrum outside the shielding magnetic field are available and since the 
existence of a heliomagnetic field which would screen low-energy primaries from 
the full region inside the Earth’s orbit is also a doubtful issue. 


PROBLEMS OF HIGH FREQUENCY TECHNIQUES IN 
ASTRONAUTICS 
By Dr. R. MERTEN 
(Gesellschaft fiir Weltraumforschung) 
High-frequency transmission can serve the following purposes for a rocket 
or an artificial satellite :— 
fa) for telemetering information or for telecommunication ; 
(b) for orientation of the rocket or artificial satellite; 
(c) for remote control. 
The following three problems connected with the artificial satellite are 
discussed and analytical solutions derived. 


(1) The dependence of the number of transmitting stations on the Earth 
on the angle of inclination of the orbit to the equatorial planeand on the 
frequency of revolution, for the maintenance of continuous com- 
munication. 
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(2) The influence of the type of orbit on the time at the disposal of one 
Earth-stationed transmitter for communication with the artificial 
satellite. 

(3) The connexion between the velocity of the vehicle and the time available 
for communication. 


BIOLOGICAL EFFECTS OF COSMIC RADIATION, 
EXPERIMENTAL METHODS AND LATEST RESULTS 


By Proressor Dr. J. EUGSTER 
(Schweizerische Astronautische Arbeitsgemeinschaft) 

For investigating the biological effects of cosmic rays an underground control 
station shielded by some 2,100 metres of rock was constructed. No charged 
particles of cosmic rays penetrate to these depths although considerable neutron 
radiation was found to be present. 

Investigation of the effect on biological objects (eggs of artemia salina and 
human and animal living tissues) was carried out at a height of 28-30,000 metres 
by means of balloons. Of paramount interest was the effect of the heavy 
primaries. Direct hits by highly ionising components on artemia eggs at a 
height of 30,000 metres had a lethal effect, the hatching rate after exposure 
being 0 per cent. The comparative rates at the surface and the underground 
station were 96 and 9 per cent. respectively. The microscopic evaluation of the 
results of the exposure of human and animal tissues is not yet complete. 


PHYSICAL CONDITIONS AND POSSIBILITY OF LIFE ON 
OTHER PLANETS 


By H. K. KAIsER 
(Nordwestdeutsche Gesellschaft fiir Weltraumforschung) 

After a short explanation of the fundamental conditions required for the 
existence of organic life, the surfaces and the atmospheres of the planets of our 
solar system and of the Moon are described, taking into account the results of 
recent research. According to these results, human life is possible only on Earth. 
Venus, at present surrounded by a thick atmosphere of carbon dioxide, will 
probably be able to bear higher forms of organic life after some millions of 
years. Mars doubtless is a home of primitive vegetations, whereas no other 
planet is likely to bear any form of life. 


ESTABLISHMENT OF LARGE ARTIFICIAL SATELLITES 
BY MEANS OF SMALL CARRIERS 


By K. A. EHRICKE 
(American Rocket Society) 

The question of supply is a crucial problem in a large artificial satellite 
programme. The method normally proposed is to send the payload directly 
into the satellite orbit by means of a multi-stage rocket. A method is invcsti- 
gated of establishing and supplying a large satellite by means of comparatively 
small rocket vehicles. These do not fly directly to the satellite, but transfer 
their payload to another ship in an auxiliary orbit at about 120-150 miles 
altitude. The payload is taken from the auxiliary orbit to the satellite orbit 








356 THE BRITISH INTERPLANETARY SOCIETY 





by means of a special space-type vehicle. It is shown that this method requires 
only slightly more propellant than the conventional supply system. Its greatest 
advantage is that smaller vehicles can be used, thus avoiding the delay and 
expense involved in the development of large direct freight carriers. 


PRIVATE RESEARCH WORK IN ASTRONAUTICS 


By PRoFEssOR H. OBERTH 
(Gesellschaft fiir Weltraumforschung) 

Although there are very good experts on individual subjects, there are very 
few scientists or engineers with a good comprehension of the entire field of 
astronautics. Such men will be needed in the future, and one of the duties of 
private societies is their training. There are many problems that can be privately 
investigated, including electrical propulsion and trajectories. Private societies 
have the advantage over government agencies of being able to publish freely 
the results of their researches. This is a great stimulus to other workers in the 
field and prevents stagnation. It may even force the government agencies to 
declassify some of their own research work. 


SPACE TRAVEL—ITS DEPENDENCE UPON INTERNATIONAL 
SCIENTIFIC CO-OPERATION 


By Dr. W. von BRAUN 
(American Rocket Society) 

More basic research is needed in both rocketry and astronautics and much 
of this can be carried out by private individuals and societies. Although most 
of the rocket development is being carried out in secret by military establish- 
ments, there are also many detail design problems that are not likely to be 
tackled by these groups. For example, attitude control would be needed for 
spaceships, both for powered manoeuvres and for observational purposes and 
temperature control. The design of a suitable space-fixed reference system for 
use with such a control device would be extremely useful. Other detail problems 
requiring study are the provision of a breathable atmosphere in a closed cabin 
for a period of months, the design of life-saving “torpedoes’’ that could be 
released in case of an accident near landing or take-off, and be brought back 
to Earth by means of air-brakes and parachutes, and the design of a solar energy 
power plant suitable for a spaceship or artificial satellite. 


THE DYNAMIC CONTRABARY AS A SOLUTION OF THE 
ASTRONAUTICAL PROBLEM 


By B. HEIM 
(Gesellschaft fir Weltraumforschung) 

It is shown theoretically that under certain conditions radiative energy can 
be converted directly into mechanical motion. Since such energy is evolved in 
considerable quantities by nuclear reactions this opens up the possibility of a 
direct-acting nuclear power plant having a very low mass consumption. It also 
appears possible to control gravitational fields so that extremely high accelera- 
tions could be used by spaceships without having any effect on human occupants 
or the ship’s structure. 
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Constitution 


OF THE 


International Astronautical Federation 
(LA.F.) 


I. General Aims, Objects and Activities: 

(1) The I.A.F. shall exist to promote and stimulate the achievement of 
space-flight as a peaceful project. 

(2) The I.A.F. shall do all in its power to secure the widespread dissemination 
of technical and other information on space-flight through the medium 
of exchange of publications, collaboration on research, etc., as between 
its members. 

(3) The I.A.F. shall do all in its power to stimulate public interest in, and 
support for the idea of space-flight, through the medium of books, press, 
lectures, radio, films, etc. 

(4) The I.A.F. shall do all in its power to stimulate work on astronautical 
subjects by international and national research establishments, univer- 
sities, commercial firms, individual specialists, experts, etc. 

(5) The I.A.F. shall hold, at intervals of one year, or less frequently if so 
decided by its Council, international meetings to be attended by delegates 
from among its members. 

(6) The I.A.F. shall have as an objective the foundation and administration of 
an international astronautical research institute, charged with the task 
of achieving space-flight for non-military purposes. 

(7) The I.A.F. shall make, as occasions demand, such other detailed Bye-Laws 
or Regulations or Amendments to its Constitution, as are deemed necessary 
for its conduct by its governing body. 

II. Domicile and Applicable Law: 

(8) The legal domicile of the I.A.F. shall be at Baden, Switzerland, and the 

applicable law will be the Swiss law. 
III. Membership of the I.A.F: 

(9) The I.A.F. shall be an association of those astronautical societies which 
share the common objectives of Art. 1-7 and are duly registered according 
to the laws of their countries. . 

(10) The member-societies of the I.A.F. shall retain their full autonomy with - 
the right to secede from the I.A.F. at any time if they desire. 

(11) The membership of the I.A.F. shall be in the following grades: 
(a) Voting member: Voting members shall consist of one society per 

nation, as duly elected in accordance with the I.A.F. Constitution. 

(®) Non-voting member. 

(12) Voting members and non-voting members shall be elected annually by 
the Council. 
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(13) Non-voting members shall have the following privileges: 

(a) Participation in all activities of the I.A.F. and reception of its services. 

(6) Attending the I.A.F. meetings (congresses) and engaging in all dis- 
cussions and debates in plenary sessions. 

(c) The right to vote on any specific issue or question on receiving the 
permission of Council. 

(14) Admission to the I.A.F. shall be applied for to the Secretary. Any 
application shall be accompanied by two duly certified copies of the 
applicant’s statutes. The officials will then consider whether the applicant 
is eligible for membership and report to the Council at its next meeting. 

(15) By a two-thirds majority vote of the Council it shall be possible to expel 
any voting member or non-voting member from the I.A.F. if it has been 
judged guilty of some action prejudicial to the interests of astronautics 
and/or the I.A.F. 

(16) Membership (voting and non-voting membership) shall be restricted to 
those national] societies having not less than 25 current members. 

(17) On any issue involving the number of its members, any member society 
must be prepared to provide proof of its declared number, if called upon 
to do so by the I.A.F. Council. 

(18) Member societies will provide the I.A.F. with a report on any other aspect. 
of their activities if called upon to do so by the I.A.F. Council. They 
shall submit automatically a list of their members annually to the Secre- 
tary or if justified confirm the list of the previous year. 

(19) Any amendments of the member societies’ statutes shall immediately be 
communicated by two duly certified copies to the Secretary of the I.A.F. 

(20) Every member society shall register the signatures of its authorized 
officials with the I.A.F. secretary. 


IV. The Government of the I.A.F: 
(21) The Council shall be the supreme body of the I.A.F.; it shall be formed 
by one delegate of each voting member society. 
(22) The powers and functions of the Council shall be: 
(a) To elect the officials. 
(b) To elect voting and non-voting member societies. 
(c) To admit new societies into the I.A.F. 
(2) To fix date and place of the next I.A.F. plenary meeting. 
(e) To make bye-laws, regulations, amendments of and additions to the 
I.A.F. constitution as are deemed necessary. 
(f) To accept withdrawal of a member society. 
(g) To appoint the Finance and other Committees. 
(hk) To approve the annual reports, statements, accounts and estimates 
of the budget. 
(t) To decide on the Point Contribution’System. 


~~ SS ma 
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(23) 


(24) 


(25) 


(26) 


(27 


— 


(28) 


(29 


— 


(30 


— 


(31 


~— 


(32) 


(k) To collect contributions from non-voting member societies of their 
respective countries for transfer to the I.A.F. 
(1) To approve the agenda of the meetings. 


All decisions and actions taken by the I.A.F. shall be fully reported to 
all voting and non-voting member societies. 


The Officials of the I.A.F: 

The officials of the I.A.F. shall consist of: 
(a) A President. 

(6) Two Vice-Presidents. 

(c) A Secretary. 


The officials shall be members of some member society; they shall be 
elected by the Council by secret ballot during the course of each I.A.F. 
plenary meeting, and shall hold office until their successors are elected 
and qualified. 


The officials shall alone be authorized to sign documents and letters by 
the authority of the I.A.F. Such documents shall always bear the signa- 
tures of two officials. 


The president shall, where possible, take the chair at all I.A.F. meetings, 
otherwise this duty shall be undertaken by one of the vice-presidents, or 
any other I.A.F. council member elected at the meeting. The president 
must approve all public statements issued on behalf of the I.A.F. 


One of the vice-presidents shall be a delegate on the I.A.F. Council of 
that member society which has been chosen by vote of the Council to be 
responsible for the next international I.A.F. meeting. 


The vice-presidents shall be responsible to the president, but if acting 
in accordance with the wishes of the Council as expressed by vote, they 
shall have the right to appoint any advisory committees necessary to 
transact I.A.F. affairs, and to co-opt individuals (not necessarily members 
of member societies) to serve on these committees. 


The secretary shall be a resident of Switzerland. He shall be responsible 
for the contact between the officials, the Council and the members societies. 
He shall also be in charge of the archives, the library and the finance. 
He shall attend to all secretarial work in the name of the officials and shall 
be entitled to engage such auxiliary personnel which is deemed necessary 
to cope with his task. The secretary shall also be responsible for the 
annual reports and statements. 


The president of the I.A.F. shall not be entitled to act as voting delegate 
for some voting member society, except in the event of a deadlock. 


The officials shall be eligible for re-election immediately unless Art. 28 
applies. 
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(33) The powers and functions of the officials, in addition to those specified 


VI. 
(34) 


(35) 


(36) 


above, shall be: 

(a) To receive applications for membership and to report to the Council 
after having duly examined such applications. 

(®) To direct the financial affairs in accordance with the decisions of the 
Council and to prepare accounts and an estimate of the budget for 
each year and present annual reports. 

(c) To direct the affairs of the I.A.F. between the meetings of the Council 
as determined by the decisions of the Council. 

(d@) To summon for meetings and to submit the agenda. 

(e) To deal with any other affairs under the authority of the I.A.F. not 
expressly reserved to the Council. 


The Finance Committee: 

The Finance Committee shall be appointed” by the Council. It shall 
consist of five members of different member societies, one of which shall 
be an official. The chair shall be taken by the official who, however, shall 
only have the right to cast a vote in the Finance-Committee in the event 
of a deadlock. 

The members of the Finance Committee shall be eligible for re-election 
immediately. 

The powers and functions of the Finance Committee are: 

(a) To audit accounts and examine the estimate of the budget. 

(6) To report to the Council. 

(c) To recommend the point contribution key to the Council. 


VII. Voting Procedure: 


(37) 


(38) 


(39) 


All elections and decisions on action to be taken on behalf of the I.A.F. 

may be made by either of the following two methods: 

(a) As a result of voting, personally or by proxy, at one of the periodic 
meetings of the I.A.F. 

(b) As a result of postal voting, on the occasion of a ballot form having 
been circulated by mail, to all voting member societies, by the secretary 
on behalf of the vice-president responsible for the organization of the 
next congress. Such a ballot form must contain full explanation of 
the points at issue. 

In either of the above cases decisions shall be taken on the basis of a simple 

majority vote, unless otherwise stated or prescribed by law, and the 

results of the voting shall be reported to all member socleties as soon as 
possible after the voting has taken place. 

Those entitled to vote and the strength of their votes are listed below: 

(a) The president or chairman of the meeting: 1 deciding vote in the 
event of a deadlock. 

(6) Each member of the I.A.F. Council: 1 vote. 

(c) Each delegate representing non-voting member societies with respect 
to Art. 13 (c): 1 vote. 
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VIII. Finance: 

(40) The finance of the I.A.F. shall be provided by the member societies 
according to a point contribution system. A certain number of points shall 
be set out and the Finance Committee appointed by the I.A.F. Council 
shall recommend how many points of the whole each member society 
should pay, the final decision on these matters resting with the LA.F. 
Council. This point contribution system shall be given the form of a 
Bye-law. 

(41) Additional finance may be provided by private donations, by contributions 
from national or international bodies, or from governments, in such 
manner as shall be agreed by the I.A.F. Council from time to time. 

(42) Any member society which is in arrears with its contribution for two years 
may be excluded from the I.A.F. by a decision of the Council. 

(43) Any member society ceasing to be a member shall lose the right to share 
in the benefits and services of the I.A.F. and shall be obliged to pay its 
contribution for the full period of membership. 


IX. Withdrawal from the I.A.F.: 

(44) Withdrawal from the I.A.F. shall be communicated by the respective : 
member society by registered letter to the secretary of the I.A.F. Such 
notice shall be valid as from the next quarter of a year after receiving 
notice. 


X. Wéinding-up of the I.A.F.: 

(45) Winding-up of the I.A.F. shall be decided by at least a two-thirds majority 
of the voting member societies represented at the meeting. Any assets, 
after covering all debts and obligations, shall be transferred to an inter- 
national institution of scientific research sharing if possible the idea of 
furthering space-flight as laid down in the present constitution, Art. 1-6. 

(46) Liquidation of the I.A.F. shall be attended to by the officials. 

XI. Modification of this Constitution: 

(47) This constitution shall come in force as soon as it has received the approval 
of the I.A.F. plenary meeting. 

(48) No change of this constitution shall be made except with the approval 
of a two-thirds majority of the voting member societies represented at the 
plenary meeting. 

XII. Authoritative Text: 

(49) The English version shall be considered as the authoritative text for the 
interpretation of this constitution. 

(50) This document has been approved by the I.A.F. plenary meeting and 
signed by the delegates of the founder societies and the officials of, the 
I.A.F. for the year 1951/1952 in 15 copies, one of which being for each 
founder society. 


Stuttgart, Germany, this 7th day of September, 1952. 
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DONATIONS 


Donations totalling £404 3s. 1d. were received from 213 members during the 
year and are now gratefully acknowledged. 
A list of the donors of amounts of 10s. and over is printed below. 


Abbott, W. J. 
Aldrich, F. N. 
Allsworth-Jones, P. 
Anstey, K. 

Athill, W. F. 
Bailey, C. 

Barker, P. 

Barnet, P. A. 
Basham, S. J. 
Beadle, R. 
Beaumont, J. M. 
Bleach, K. S. 
Blenkinsop, H. G. 
Bonestell, C. 
Borbe, H. E. 
Brown, A. N. 
Brown, D. C. 
Brown, K. L. 
Browning, C. 
Bryce, J. M. 
Byard-Jones, M. J. 
Byrne, J. E. G. 
Caiden, M. 

Carter, C. V. 
Charles, (Major) B. N. 
Clarke, A. C. 
Cooke, W. D. 

ae Oe 
Cresswell, V. E. 
Culme-Seymour, M. 
Davies, F. T. 

Day, V. A. 

Deans, Mrs. J. 
Dell, F. W. 

Derry, J. B. 
Dobson, W. 
Douglas, R. N. 
Dudley, J. A. J. 
Eagles, D. J. 
Eaglesham, McK. 
Elliott, W. H. A. 
Ellis, R. T. H. 
English, P. T. 
Ettridge, F. A. 
Evans, A. 

Falkner, W/Cmdr. H. E. 
Finch, N. 

Fitch, J. 


Fitzsimmons, R. A. 
Flint, W. O. L. 
Poster, G. V. 
Gaythorpe, N. S. 
Gibbs, G. 
Golding, R. A. 
Goodliffe, F. 
Gordon, J. 
Haggard, J. V. A. 
Haley, A. G. 
Hall, J. E. 
Harper, R. A. 
Hay, R. A. G. 
Hayes, W. T. 
Hjertstrand, A. 
Hobson, C. 
Hollis, G. 
Hosker, J. 
Howell, O. B. 
Humphries, P. S. 
James, B. 
Jarvis, J. H. 
Jeffries, M. 
Jenks, J. 


Jeppe, Prof. C. W. B. 


Jones, Miss D. 
Jones. T. B. 
Killington, W. A. 
Kingsworth, A. 
Kitchie, G. E. 
Kolliker, W. A. 
Ladd, P. J. 
Lezard, C. V. 
Lisky, R. 
Lloyd, M. R. 
Major, P. H. 


Marwick, Miss. T. C. 


Mather, Mrs. S..M. 
McCoy, J. 
Meltzer, A. 

Miller, B. G. 
Munden, B. R. M. 
Murray, D. 
Nicolson, W. H. 
O’Dell, F. M. 
Paul, R. W. 
Payne, W. 


Phillips, B. H. 
Pinfold, R. N. F. 
Poss, H. 

Pound, F. V. 
Powell, G. 

Price, F. A. 
Pyka, M. R. 
Radford, R. W. 
Rauh, H. J. 
Robertson, F. H. 
Rohrer, W. G. 
Russo, R. 
Saggers, W. N. 
Selan, R. 
Shepherd, Dr. L. R. 
Singleton, C. 
Short, C. J. 
Smith, H. A. 
Smith, T. 

Smith, W. 
Soucy, W. A. 
Sparke, K. 
Stone, J. S. 
Strickland, N. H. 
Stuart, P. A. 
Suter, R. 

Sutton, I. 
Symcox, P. A. 
Taylor, J. J. 
Templeman, L. G. 
Thacher, R. G. 
Thiselton, K. R. 
Tisdale, E. A. 
Trenchard, P. 
Turner, D. 
Voice, E. H. 
Vuille, B. A. 
Wallis, P. B. 
Watson, M. B. 
Weibel, J. L. 
Wells, E. 

Welsh, J. P. 
Wilkens, R. G. 
Woodthorpe, J. M. 
Wright, I. B. 
Wright, R. 
Wyndham, B. A. 
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LIST OF SOCIETIES INTERESTED IN SPACE-FLIGHT 


For the interest and use of our overseas readers, in particular, a list of 
addresses of astronautical societies is appended below. 


Argentina. 


Austria. 
Denmark. 
France. 
Germany. 
Holland. 
Italy. 


Norway. 
Spain. 


Sweden. 


Switzerland. 


U.K. 


U.S.A. 


Sociedad Argentina Interplanetaria, Tucuman 950, Buenos Aires. 


Osterreichische Gesellschaft fiir Weltraumforschung, Innsbruck, 
Postfach 67. 

Dansk Selskab for Rumfarts-Forskning, 52, Svanemollevej, 
Copenhagen. 


Groupement Astronautique Frangais, L’Aeronautique Club de 
France, 37, Rue Lafayette, Paris IX. 


*Gesellschaft fiir Weltraumforschung, Langobardenstrasse 15, 
Stuttgart-Zuffenhausen. 


Nederlandse Vereniging voor Ruimtevaart, c/o K.N.V.v.L., Anna 
Paulownaplein 3, den Haag. 

Associazzioni Italiana Razzi, c/o AIDA, Piazza S. Bernado 101, 
Rome. 


Norsk Interplanetarisk Selskap, Jacob Aalls gate 34, Oslo. 
Associacion Espanola de Astronautica, Alcala 155, Madrid. 


Svenska Interplanetarisk Selskap, Engelbrektsgatan 16 III, 
Stockholm. 

Schweizerische Astronautische Arbeitsgemeinschaft, Postfach 37, 
Baden. 

British Interplanetary Society, 
London, S.W.1. 

American Rocket Society, 29, West 39th Street, New York 18. 

Chicago Rocket Society, 10630, S. St. Louis Avenue, Chicago, 

i. Illinois. 

Detroit Rocket Society, 8324, Navy Avenue, Detroit 9, Michigan. 

Pacific Rocket Society, 428, S. Verdugo Road, Glendale 5, 
California. 

Reaction Research Society, 3262, Castera Avenue, Glendale 8, 
California. 

United States Rocket Society, 469, Duane Street, Glen Ellyn, 
Illinois. 


12, Bessborough Gardens 


* Since the 1951 Congress, the S.W. and N.W. G.f.W. Societies in Germany 
have amalgamated with the Gesellschaft fiir Weltraumforschung, thus forming a 


single society. 





ADVERTISEMENT 


B.1.S. Christmas Card 


The above is a reproduction of the B.I.S. Christmas Card and shows the first spaceship on 
the Moon, with its crew beginning their exploration. 


Available at 2/6 for 6 (with envelopes), from the Secretary, 12, Bessborough Gardens, 
London, S.W.1. 
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